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SUMMARY 


PROBLEM 

To  measure  the  relative  hit  probabilities  of  several  multiple-  and 
single -bullet  rifle  ammunitions  in  combat-simulated  aimed  rifle  fire,  to  use 
them  to  compare  ammunition  effectiveness,  and  to  examine  the  effects  of  various 
parameters,  such  as  range,  target-exposure  time,  TRAINFIRE  qualification 
scores,  etc.,  on  the  accuracy  of  aimed  rifle  fire. 


FACTS 

The  SALVO  II  field  experiment  was  conducted  byOROat  the  request  of  the 
SALVO  Steering  Committee  of  which  representatives  of  the  Office  of  the  Chief 
of  Ordnance  (OCO),  Office  of  the  Chief  of  Research  and  Development  (OCRD), 
and  US  Continental  Army  Command  (USCONARC)  are  members. 


DISCUSSION 

SALVO  II  is  a  further  examination  of  ammunition  types  previously  inves¬ 
tigated  in  the  SALVO  I  experiment  reported  on  in  ORO-T-378.*  The  SALVO  II 
experiment,  like  SALVO  I,  examines  the  ammunitions  in  a  combat-simulated 
environment  whenfired  by  experimental  subjects  having  various  degrees  of  rifle 
proficiency.  The  results  of  the  controlled  experiment  were  analyzed  to  indicate 
differences  in  ammunition  effectiveness  and  also  to  determine  the  effects  of 
target-system  and  other  environmental  characteristics  onthe  accuracy  of  rifle 
fire.  The  following  ammunitions  were  examined  in  SALVO  II: 

(a)  Test  ammunition:  .30-cal  duplex  in  standard  .30-cal  cartridge ;  .30-cal 
triplex  in  standard  .30-cal  cartridge;  .22-cal  duplex  in  necked-down  .30-cal 
cartridge;  and  12-gage-shotgun  32  flechettes  fired  from  Remington  autoloading 
shotgun  (Model  11-48A). 

(b)  Control  ammunition;  .30-cal  [M2  ball  and  armor-piercing  (AP)|  and 
.22-cal  (high-velocity)  simplex  ammunition.  * 


*  1  Ilf  I  tuilr-tl  riM  tinil  i**  ■Ic'-icn  ilr  l  .  '.0-  .>1  '.n  .u  t  i  iim t  i<>n . 
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SUMMARY 


CONCLUSIONS 

General 

1.  SALVO  II  confirmed  in  detail  the  predictions  of  the  salvo  theory.  It 
also  firmly  supports  the  major  conclusions  and  recommendations  of  the  SALVO  I 
.ej^eriment. 

Average  aiming  error  for  the  SALVO  II  system  is  3.1  mils.  If  ricochet 
hits  are  included  it  is  equivalent  to  2.8  mils. 

Ricochet  characteristics  ofthe  various  ammunitions  were  \yidely  differ¬ 
ent  and  account  for  deviations  from  expected  ammunition  performance.  Better 
ricochet  characteristics  account  for  the  10  percent  higher  number  of  recorded 
hits  achieved  with  .22-cal  duplex  ammunition  compared  with  those  with  .30-cal 
duplex  ammunition. 

No  significant  difference  can  be  observed  between  the  precision  of  the 
first  rounds  of  the  .30-cal  duplex  ammunition  and  that  of  .30-cal  simplex  am¬ 
munition.  The  effect  of  drop  and  improper  hold-off  of  the  former,  compared 
with  the  latter  can  be  observed  at  ranges  greater  than  250  yd  when  the  ammu¬ 
nitions  are  zeroed  at  165  yd. 

Multiple  correlation  results  indicate  that  target-exposure  time  and 
presented  area  (angular  target  size)  are  the  major  factors  determining  hit  prob¬ 
ability  in  the  SALVO  II  experiment.  Other  factors  influencing  hit  probability, 
but  to  a  very  much  smaller  degi'ee,  are  target  activities  such  as  movement  and 
simulated  firing. 

6.  No  accuracy  differences  ascribable  to  caliber  (i.e.,  .22  cal  vs  .30  cal) 
were  observed. 

.30-  and  ■22-cal  Duplex  Ammunition 

-7.  In  the  SALVO  II  experiment  .30-cal  duplex  ammunition  achieved  over-all 
casualty  gains,  relative  to  .30-cal  simplex  (M2  ball)  ammunition,  of  49  percent. 
For  moving  targets  its  gain  was  approximately  GO  percent,  and  for  firers  having 
the  largest  aiming  errors  (averaging  5  mils)  the  duplex  ammunition  achieved 
an  average  of  twice  as  many  casualties  as  simplex  ammunition. 

8.  .22-cal  duplex  ammunition  achieved  an  over -all  Casualty  gain,  relative 
to  .30-cal  simplex  ammunition,  of  44  percent.  For  movingtargets  andforfirers 
having  average  aiming  errors  of  5  mils  it  achieved  an  average  of  twice  as  many 
casualties  as  simplex. 

9.  Both  the  .30-  and  .22-cal  duplex  ammunition  fired  from  a  n.odified  Ml 
rifle  functioned  satisfactorily  through  the  experiment. 

.30-cal  Triplex  Ammunition 

10.  .30-cal  triplex  ammunition  achieved  an  over -all  casualty  gain,  relative 
to  .30-cal  simplex  ammunition,  of  32  percent.  On  the  moving  targets  its  gain 
was  75  percent,  and  for  firers  whose  aiming  error  averages  5  mils  it  achieved 
an  average  of  twice  the  number  of  casualties  as  simplex. 
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.22-cal  Simplex  Ammunition  and  12-Gage-Shotgun  Flechettes 

11.  .22-cal  simplex  and  the  12-gage-shotgun flechette  ammunition-weapon 
combinations  were  of  such  poor  technical  quality  that  no  useful  data  concerning 
their  combat  potential  were  collected. 


RECOMMENDATIONS 

1.  .30-cal  and/or  7.62-mm  NATO  duplex  ammunition  should  be  adopted 
as  standard  for  combat  use. 

2.  The  value  and  feasibility  of  improving  the  ricochet  characteristics  of 
.30-cal  duplex  ammunition  should  be  investigated. 

3.  Current  flechette  development  programs  should  emphasize  the  achieve¬ 
ment  of  satisfactory  salvo  patterns.  In  this  respect  research  and  development 
(R&D)  of  multiple-launched  flechettes  should  be  emphasized. 

4.  Accuracy  requirements  for  new  shoulder -fired  weapons  to  be  used  in 
aimed  fire  should  be  based  on  an  aiming  error  of  no  less  than  3  mils. . 
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INTRODUCTION 

In  this  study  the  problem  was  to  measure  the  relative  hit  probabilities  of 
various  ammunitions  in  combat-simulated  aimed  rifle  fire,  and  to  use  these 
hit  probabilities  to  compare  ammunition  effectiveness.  An  additional  problem 
was  to  examine  the  effects  of  various  parameters,  such  as  range,  target-exposure 
time,  TRAINFIRE  qualification  scores,  etc.,  on  the  accuracy  of  aimed  rifle  fire. 


BACKGROUND 

The  SALVO  11  field  experiment  is  part  of  the  salvo  program  initiated  by 
ORO  in  1951.  In  1954  a  SALVO  Steering  Committee  was  set  up  under  the  lead¬ 
ership  of  the  Chief  of  Ordnance.  Work  in  the  program  has  included  several 
studies  by  ORO^“^°  and  the  development  of  prototype  salvo  ammunitions  by 
OCO.  The  potential  gain  in  combat  effectiveness  of  these  ammunitions  was 
examined  in  a  field  experiment  (SALVO  I)  conducted  at  Ft  Benning,  Ga.,  in 
June  and  July  1956.  SALVO  I  results  are  reported  in  ORO-T-378.*  The  field 
experiment  (SALVO  11)  reported  in  this  memorandum  is  a  continuation  of  the 
salvo  program.  It  was  conducted  during  December  1957  at  Ft  Benning  by  ORO 
under  the  auspices  of  the  SALVO  Steering  Committee.  Troops  and  facilities 
for  the  experiment  were  furnished  through  USCONARC  by  the  Infantry  Center. 

Previous  ORO  publications^”*”  describe  in  detail  the  objectives  of  the 
salvo  program.  In  brief  they  are  to  increase  the  firing  effectiveness  of  infantry¬ 
men  by  increasing  hit  probabilities  while  maintaining  sufficient  lethality  of 
individual  projectiles.  The  method  by  which  the  salvo  program  has  achieved 
this  increase  is  through  the  design  and  development  of  weapons  and  ammunitions 
that  more  efficiently  distribute  energy  expended  in  rifle  fire  and  that  compen¬ 
sate  for  the  inherent  human  error  in  small-arms  fire.  The  ammunition  and 
weapons  developed  so  far  fire  more  than  one  projectile  per  aiming  effort  (trigger 
pull)  and  in  the  SALVO  I  experiment  proved  to  offer  significant  advances  in  ef¬ 
fectiveness  in  aimed  rifle  fire  under  simulated  combat  conditions. 

SALVO  1  examined  the  effectiveness  of  .30-cal  duplex  or  tandem-round 
ammunition  and  automatic  fire  as  an  approximation  of  the  salvo  principle  and 
furnished  limited  information  on  .30-cal  triplex  and  12-gage-shotgun  32-flechette 
ammunition.  In  SALVO  I,  firing  was  conducted  under  conditions  of  limited 
visibility  as  well  as  in  daylight,  and  from  two  firing  positions,  standing  and  sitting. 

Since  the  SALVO  II  experiment  was  an  extension  of  SALVO  I  requested  by 
the  SALVO  Steering  Committee,  its  main  purposes  were  to  furnish  a  final  check 
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on  duplex  ammunition  prior  to  its  submission  for  user  tests  and  possible 
adoption,  to  collect  more  data  on  triplex  and  flechette  ammunition  effectiveness, 
and  to  examine  .22-cal  duplex  ammunition.  These  objectives  are  detailed  below. 

(a)  The  evaluation  of  .30-cal  duplex  ammunition  in  standard  cartridge 
cases.  The  SALVO  I  duplex  ammunition  utilized  a  long-necked  cartridge  case 
that  required  an  elongation  of  the  standard  rif,  chamber.  The  second  bullet 
in  the  SAIiVO  n  ammunition  rests  in  the  powder  charge. 

(b)  The  evaluation  of  .30-cal  triplex  ammunition  in  the  standard  cartridge 
case.  The  SALVO  I  triplex  ammunition,  in  addition  to  being  in  an  elongated 
case,  blew  up  on  one  occasion  and  the  experimentation  was  stopped  at  that  point. ‘ 

(c)  The  evaluation  of  .22-cal  duplex  ammunition  in  a  necked-down  standard 
case.  In  the  .22-cal  duplex  it  was  hoped  to  combine  advantages  of  a  smaller 
caliber  with  those  of  a  duplex  round. 

(d)  The  evaluation  of  12-gage-shotgun  32-flechette  ammunition,  which  in 
SALVO  I  was  limited  to  700  rounds.  The  results  of  SALVO  I  indicated  a  full-scale 
examination  would  be  justified,  and  3000  rounds  were  procured  for  SALVO  II. 

(e)  More  detailed  measurement  of  weapons  effects  and  their  relation  to 
man  and  target-system  variables  was  desired  than  was  achieved  in  the  SALVO  I 
experiment. 


WEAPONS  AND  AMMUNITION 


Weapons  and  ammunitions  for  the  SALVO  n  experiment  were  furnished  by 
OCO.  The  weapons  were  fabricated  by  Springfield  Armory  and  the  ammunitions 
(see  Fig.  1)  were  fabricated  by  the  Olin  Mathieson  Chemical  Corp.,  Frankford 
Arsenal,  and  Aircraft  Armaments  Inc.  The  weapon -ammunition  combinations 
included: 


.30-cal 

limplsx 
(M2  Boll) 
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(a)  Standard  Ml  rifle  firing  ;30-cal  simplex  ammunition  (standard  issue) 
and  .30-cal  duplex  ammunition  (controlled  dispersion*)  made  by  Olin  Mathieson. 

(b)  Standard  Ml  rifle  with  modified  rifling  firing  .30-cal  triplex  ammuni¬ 
tion  (random  dispersion!)  made  by  Olin  Mathieson. 

(c)  Ml  rifle  modified  with  .22 -cal  bore  firing  .22-cal  simplex  ammunition 
made  by  Frankford  Arsenal. 

(d)  Ml  rifle  modified  with  .22-cal  long-chamber  barrel  firing  .22-cal 
duplex  ammunition  made  by  Olin  Mathieson. 

(e)  12-gage  autoloading  shotgim,  Remington  Model  11-48A,  firing  a 
32-flechette  load  made  by  Aircraft  Armaments  Inc. 


experimental  context 

The  derivation  of  the  target  system  used  for  evaluating  the  salvo  concept 
in  the  SALVO  I  and  II  experiments  is  described  in  detail  in  App  D  of  ORO-T-378.^ 
This  system  consists  of  22  E  and  F  silhouette  pop-up  targets  at  ranges  of  from 
70  to  340  yd.  This  layout  is  shown  in  Figs.  2  and  3.  Also  shown  in  Fig.  2  are 
the  distributions  of  disclosing  fire,  target  concealment,  and  target  movement. 
Another  feature  is  the  simulation  of  combat  stress  through  the  use  of  electronic 
shockino"  devices  attached  to  the  firers.  Although  the  simulation  of  stress,  range 
to  the  targets,  and  general  layout  of  the  target  system  remains  the  same  from 
SALVO  I  to  SALVO  IJ,  there  are  certain  differences  between  the  two  target 
systems: 

(a)  Light.  All  firing  during  SALVO  II  was  conducted  in  daylight,  using 
only  the  daylight  target  positions  of  SALVO  I.  The  system  in  SALVO  II  is 
generally  oriented  toward  the  north,  as  opposed  to  a  general  orientation  to¬ 
ward  the  south  in  SALVO  I.  The  effect  of  this  change  was  more  uniform  visi¬ 
bility  conditions  from  run  to  run  than  those  obtained  in  SALVO  I. 

(b)  Exposure  times.  Exposure  times  for  the  pop-up  targets  were  reduced 
by  roughly  one -third  from  SALVO  I.  This  reduction  was  not  uniform,  and  the 
specific  amounts  are  shown  by  target  in  Table  1. 

The  exposure  times  were  shortened  at  the  suggestion  of  OCO  and  OCRD. 

It  was  felt  that  the  target-exposure  times  collected  in  interviews,  which  formed 
the  basis  of  the  SALVO  I  system,  were  overestimated  by  the  interviewees. 

Since  a  good  common-sense  argument  can  be  made  for  this  point  of  view  and 
since  a  quick  trial  of  time  estimates  revealed  such  overestimation,  ORO  con¬ 
curred  in  the  suggestion  to  shorten  the  exposure  times  by  about  one-third. 

(c)  Fatigue  of  firers.  The  firers  were  double-timed  for  5  min  before 
each  run.  This  was  an  attempt  to  introduce  fatigue,  and  its  subjective  effect 
is  discussed  in  App  A. 

(d)  Weather  conditions.  In  contrast  to  SALVO  I,  which  was  conducted 
at  Ft  Benning  in  June  and  July,  SALVO  II  was  conducted  on  the  sa.me  post 
during  December.  The  weather  conditions  during  the  experiment  exhibit  con¬ 
siderable  variation.  This  variation  is  shown  in  Table  2. 


*l**or  tonlrollctl-<lisprrsion  duplex  aiumunition  used  in  S\I,\0  II  the  sceond  hullet  dcvi.ites  ;it  uhoul 
2'?  nulu  from  the  path  of  the  first. 

ti'or  the  random-di.spcrsion  triplex  ammunition  the  paths  of  the  second  and  third  hullets  are,  within 
certain  limits,  r.mdom  with  respect  to  the  lead  bullets,  com|)lete  description  of  random  and  controlled 
dispersion  is  given  in  \pp  II  of  0110-1-378.^ 
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Table  1 

Target- Exposure  Times:  SALVO  1  vs  SALVO  II 


Range,  yd 

1 

1 

1 

Target  type 

Exposure 

time,  sec 

SALVO  I 

SALVO  II 

74 

F 

4.5 

3.0 

77 

F 

15.0 

10.0 

86 

E 

4.5 

3.0 

89 

F 

15.0 

10.0 

111 

F 

19.5 

13.0 

127 

F- 

9.0 

6.0 

139 

F 

4.5 

3.0 

152 

E  (moving  tgt) 

9.0 

8.0 

162 

E  (moving  igt) 

6.0 

6.0 

164 

E  (moving  tgt) 

15.0 

11.0 

165 

E 

31.5 

18.0 

169 

E 

3.0 

2.0 

176 

E 

4.5 

3.0 

216 

F 

4.5 

4.0 

218 

F 

9.0 

6.0 

245 

E 

6.0 

4.0 

259 

E 

10.5 

7.0 

267 

E 

3.0 

3.0 

269 

F 

25.5 

16.0 

334 

F 

7.5 

5.0 

336 

F 

7.5 

4.0 

339 

F 

21.0 

12.0 

Total 

235.5 

157.0 

-r*. 

I  .1.  i. 

Weather  Conditions  during  SALVO  11 


Day 

Runs 

conducted 

Mean 

temperature, 

op 

Mean  wind 
velocity, 
mi/hr 

Direction 

Weather 

condition 

1 

8 

50 

7 

Cross  range 

Clear 

2 

6 

32 

15.5 

Cross  range 

Intermittent 
light  snow 

3 

11 

35 

3 

Cross  range 

Clear 
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The  most  extreme  weather  conditions  were  experienced  on  the  second 
day.  The  wind  and  snow  plus  the  freezing  temperature  made  firing  conditions 
very  unpleasant.  The  number  of  firers  who  wore  gloves  while  firing  was  much 
higher  than  on  the  first  and  third  days  (see  App  A).  The  .22-cal  simplex  and 
duplex  runs  (two  each)  and  two  shotgun  runs  were  fired  on  the  third  day,  and 
the  weather  conditions  may  account  for  the  slightly  lower  rate  of  fire  on  these 
runs  compared  with  the  rest  of  the  experiment  (see  subsection  on  learning). 

(e)  Firing  line  and  firing  position.  Whereas  SALVO  I  firing  was  conducted 
from  sitting  and  standing  positions,  the  SALVO  II  firing  line  was  constructed 
so  that  firing  was  done  from  a  modified  prone  position  (see  Fig.  4).  An  earthen 
breastwork  was  constructed,  and  firing  was  conducted  from  this  parapet.  This 
change  was  made  as  the  result  of  suggestions  by  the  Army.  Its  effect  was  to 
provide  a  very  much  more  stable  firing  position  than  those  used  during  SALVO  I 
and  hence  reduced  aiming  error. 


Fig.  4 — SaLVO  li  Firing  Line  Showing  Modified  Prone  Position 


In  addition  the  firing  line  for  SALVO  II  was  equipped  with  devices  that 
detonated  electric  blasting  caps  among  the  firers.  The  devices  protected  the 
firers  from  the  blast  but  were  designed  to  add  noise  and  confusion  to  the  firing 
line.  The  firers,  however,  were  seldom  aware  of  their  detonation  (see  App  A). 

(f)  Weapon  zeroing.  Each  rifle  was  zeroed  by  the-man  firing  it.  (SALVO  I 
rifles  were  zeroed  by. experts.)  The  sights  were  then  adjusted  to  a  battle  setting 
that  yielded  the  least- miss  distance  for  the  total  range  complex  of  the  target 
system.  This  process  is  described  in  App  B.  The  shotguns  were  prezeroed  at 
the  Development  and  Proof  Services  (D&PS),  Aberdeen  Proving  Ground  (APG), 
and  were  not  changed  during  the  experiment. 
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EXPERIMENT  SUBJECTS 

The  SALVO  II  experiment  utilized  20  subjects  selected  from  the  trainees 
assigned  to  the  Human  Research  Unit  of  the  Human  Resources  Research  Office 
at  Ft  Benning.  They  had  just  completed  basic  training  and  their  rifle  marksman¬ 
ship  qualifications  on  the  TRAINFIRE  range  totaled  3  experts,  7  sharpshooters, 
and  10  marksmen.  They  were  organized  into  two  balanced  10-man  firing  orders. 
(A  detailed  description  of  the  firers  is  found  in  App  A.) 

These  firers  differed  in  the  following  respects  from  those  in  the  SALVO  I 
experiment: 

(a)  They  had  received  TRAINFIRE  rifle -marksmanship  training. 

(b)  Ninety  percent  of  the  subjects  were  enlisted  reservists  whereas  75 
percent  of  the  SALVO  I  subjects  were  Regular  Army. 

(c)  They  were  from  a  special  test  unit  and  had  participated  in  other  exper¬ 
iments  of  various  kinds. 

From  the  point  of  view  of  realism,  there  were  both  advantages  and  dis¬ 
advantages  in  using  the  TRAINFIRE  troops.  In  that  the  rifle  training  they  re¬ 
ceived  is  being  implemented  in  the  Zone  of  Interior  (ZI)  by  USCONARC,  it  adds 
to  the  realism  of  the  experiment.  The  fact  that  they  were  drawn  from  a  special 
test  unit,  however,  detracts  from  realism.  The  SALVO  I  troops  were  more 
typical  of  the  over-all  Army  population  in  motivation  and  experience. 


EXPERIMENTAL  DESIGN 

The  simplification  of  SALVO  II,  as  compared  with  SALVO  I,  consists  of 
the  use  of  only  one  position  for  firing  and  the  exclusion  of  night  firing.  This 
permitted  a  shorter  experiment— 24  runs  in  SALVO  II  vs  68  runs  in  SALVO  I. 

The  troop  qualifications  and  test-material  specifications  involved  in  the  experi¬ 
ment  are  shown  in  Tables  3  an^  4. 

A  total  of  24  runs  were  fired  as  specified  in  Table  5,  each  weapon- 
ammunition -squad  combination  being  Bred  twice  on  the  target  system  (2  x  6  x  2). 


TYPICAL  RUN  OR  FIRING  SEQUENCE 

A  typical  run  or  firing  sequence  followed  a  set  pattern.  Appropriate 
rifles  and  ammunition  were  placed  at  the  firing  positions  (1  to  10  on  Fig.  2). 

The  firers  then  took  their  places  at  their  assigned  firing  positions.  After  the 
stress  simulators  (electric  shockers)  had  been  placed  on  each  firer’s  leg  the 
firers  took  up  a  comfortable  position  on  the  earth  parapet  on  the  firing  line 
(see  Fig.  4).  As  soon  as  the  firing  line  was  ready,  the  programed  target-system 
sequence  was  initiated  in  the  control  and  recording  center.  At  that  point  the 
target-system  events  began,  i.e.,  target  appearances,  demolitions,  electric 
shock  for  the  firers,  etc.,  as  described  in  the  programs  in  App  C.  The  targets 
appeared  sequentially,  all  men  firing  at  every  target  seen.  The  electronic 
chronological  recording  system  made  possible  the  identification  of  shots  fired 
and  hits  by  each  individual.  The  program  ran  for  300  sec. 
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Tahlk  3 

Tkoop  (Qualifications  aM)  Division 


Squud 

Fxperts 

Sliarpshooters 

Miwksinen 

A 

1 

4 

5 

H 

2 

.1 

S 

Tablf  4 

Wf.apon-  Ammunition  Ctimhin ations 


Ammunition 

^Ciipon 

.30cal  simplex  (M2  ball) 

Fired  from  stundard  Ml  rifle 

.30-cal  duplex 

Fired  from  standard  Ml  rifle 

.SOcal  triplex 

Fired  from  modified  Ml  rifle 

.22- cal  simplex 

Fired  from  modified  Ml  rifle 

.22-cal  duplex 

Fired  from  modified  Ml  rifle 

12-gage  flechette 

Fired  from  Model  11-48 A  llemington 
autoload  sliotgun 

Taulf  5 

SALVO  11  Firing  Sciikoui.k 

Date 

Weapon-ammunition  combination 

Squad 

ProRriuii*' 

10  December 

.30-cal  triplex  (Ml) 

\ 

3 

.30-cal  triplex  (Ml) 

1! 

3 

, 30-cal  triplex  (Ml) 

1! 

4 

, 30-cal  triplex  (Ml) 

A 

4 

, 30-cal  duplex  (Ml) 

1! 

r> 

.30-cal  duplex  (Ml) 

\ 

r, 

.30-cal  simplex  (M2) 

1! 

6 

.30-cal  simplex  (M2)  AF 

•\ 

f) 

1 1  December 

,22-cnl  simplex  (.22-eaI  Ml) 

A 

1 

,22-cid  simplex  (,22-cul  Ml) 

1! 

1 

.22*ca!  duple*:  (.22-cal-long-rhnnibcr  Ml) 

\ 

2 

,22*cnl  duplex  (,22*caI-Iong-rhanibcr  Ml) 

1! 

2 

12’gagc  flechette  (shotgun) 

A 

3 

12'g^,c  flechette  (sh<»tciin) 

1! 

3 

1 2  December 

,22-eal  duplex  (.22-caI-long-chamlier  Ml) 

1! 

4 

, 22-cal  duplex  (,22-cal-l<»ng-chimd)er  Ml) 

A 

4 

.22-caI  simplex  (.22'cal  Ml) 

1! 

,22-cnl  simplex  (.22-cal  Ml) 

■\ 

.1 

r2-gnge  fleclielte  (shotgun) 

1! 

1 

12-gnge  fleclietle  (shotgun) 

\ 

1 

, 30-cal  simplex  (M2  ball)  (M|) 

\ 

i 

.30-cal  simplex  (M2  ball)  (Ml) 

1! 

1 

.30-raI  duplex  (Ml) 

\ 

> 

.30-cal  duplex  (Ml) 

1! 

•> 

ho  programs 

(i.e..  the  sequence  in  whi<h  groups  of  l.irgf'ts 

.ipjir  ;ir''d  ( see 

lie  2), 

demolitions  wrrr  ' 

detonateil,  mid  ''lectronic  shock  w.is  .idDiinistered]  vserc'  pn'j 

i.ired  I'S 

randomizing  the  sequence  of  their  occiirrenee  to  previ'iil  le.iriiing 

.  \''  is  nnl  e. 

1  in  d.dde  I 

six  different  programs  were  used.  I’hese  progr.iias  appear  in  \|»| 

.  C. 

iimminiit inn  w-as  lironght  to  ihe  field  hv  ri’i‘'take  U.illirr 

tli.m  ■  I'.s  ,1  .| 

.i\ ’s  firiiir 

it  was  used.  Its  < 

•hnracterist irs  differ  siiuhtU  fr<»m  \i2  .u  : 

mil  1  !■  >1: . 
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DATA  COLLECTION 

The  following  types  of  data  were  collected  in  the  experiment; 

(a)  Hits  on  targets  recorded  on  paper-target  faces. 

(b)  Hits  on  targets  recorded  electronically  in  time. 

(c)  Trigger  pulls  recorded  electronically  in  time. 

(d)  Target  movement  and  up  times  recorded  by  an  elapsed-tirae  camera 
(also  electronically  recorded). 

(e)  Weapon  malfunctions  and  the  time  during  which  the  weapon  was  out 
of  action  recorded  electronically  by  an  observer. 

(f)  Hits  on  targets  by  flechettes  recorded  by  AN-N/  6  gun  cameras  at 
the  targets. 

(g)  Ammunition  expended  recorded  by  ammunition  count  before  and  after 
each  run. 

(h)  Meteorological  data  (previously  described). 

(i)  Subjective  information  concerning  the  firers  collected  in  debriefing 
interviews  after  each  run. 


INSTRUMENTATION 

The  objectives  of  the  instrumentation  of  the  SALVO  n  experiment  were 
twofold:  First  to  ensure  reproducibility  from  run  sequence  to  run  sequence, 
and  second  to  collect  the  data  mentioned  in  items  b  to  f  above.  The  central 
aspect  of  the  reproducibility  function  of  the  instrumentation  is  the  sequence 
controller  or  programer,  which  is  described  and  illustrated  in  App  E.  This 
unit,  by  means  of  a  paper  punch  tape,  permitted  the  precise  reproducibility 
in  time  of  all  scheduled  events  on  the  target  system. 

The  main  problem  in  the  data- recording  functions  of  the  instrumentation 
was  to  record  target  hits  and  trigger  pulls  with  a  resolution  time  of  50  msec. 
Resolution  time  of  t*'is  magnitude  permitted  the  identification  of  first-,  second-, 
and  third-bullet  hits  and  single,  double,  and  triple  hits.  It  also  made  possible 
relating  trigger  pulls  to  hits  on  the  target,  thus  permitting  the  analysis  of  the 
data  by  man,  although  all  men  were  able  to  fire  at  each  target  when  it  appeared. 

The  only  serious  problem  encountered  in  reducing  the  data  was  the  result 
of  varying  ammunition  velocities.  Although  the  average  time  of  flight  from  each 
firing  position  to  each  target  was  known  accurately,  the  identification  Pi  hits 
from  the  second  and  third  projectiles  from  a  single  trigger  pull  depended  on 
the  fact  that  these  projectiles  traveled  more  slowly  than  the  first  projectile. 
Hence  they  could  be  identified  by  the  amount  of  time  it  took  them  to  reach  the 
target.  In  actual  practice  it  was  found  that  bullet  velocities  varied  from  round 
to  round  and  the  time  of  flight  of  a  second  bullet  from  one  duplex  round  might 
be  shorter  than  the  time  of  flight  of  a  first  bullet  from  another  duplex  round. 

The  problem  was  even  more  severe  in  triplex  ammunition  and  is  illustrated 
in  Tables  C30  and  C31  in  App  C.  This  was  not  a  problem  that  the  ORO  instru¬ 
mentation  could  solve,  but  it  did  not  affect  the  identification  of  double  hits  from 
a  single  trigger  pull.  These  could  be  determined  by  the  characteristic  time 
separation  between  bullet  strikes.  It  did  affect  the  accuracy,  however,  of  the 
identification  of  first-  vs  second-  vs  third-bullet  hits. 
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The  complete  description  of  the  salvo  programing  and  data- recording 
system  is  found  in  Apps  D  and  E  of  ORO-T-378^  and  App  E  of  this  paper. 

Taken  together  these  appendixes  furnish  sufficient  information  for  the  repro¬ 
duction  of  the  system.  The  SALVO  II  system  performed  its  functions  of  control 
and  data  collection  with  almost  perfect  reliability. 

From  the  point  of  view  of  comprehensiveness,  SALVO  II  accurately  meas¬ 
ured  two  factors  that  could  only  be  estimated  in  SALVO  I;  (a)  the  numter  and 
duration  of  weapon  malfunctions,  and  (b)  the  effect  of  malfunctioning  targets. 

In  SALVO  I  one  of  the  major  difficulties  in  the  analysis  was  the  fact  that  it 
could  only  be  roughly  estimated  how  long  a  weapon  malfunction  kept  a  given 
weapon  out  of  action.  To  remedy  this  situation  in  SALVO  II  a  monitor  system 
was  instituted.  It  consisted  of  observers  at  each  firing  position  who  could 
signal  the  duration  of  weapon  malfunctions.  The  system  is  described  in  App  E 
and  the  monitors  are  shown  in  Fig.  4. 

An  allied  problem  concerned  the  malfunctions  of  targets.  Occasionally, 
a  target  did  not  appear,  did  not  stay  up  for  the  entire  duration  of  its  programed 
appearance,  or  stayed  up  too  long.  This  type  of  malfunction  occurred  more 
frequently  in  SALVO  I,  but  only  observational  records  were  taken.  Two  methods 
were  used  in  SALVO  II  to  measure  the  actual  duration  of  target  exposure:  (a) 
an  electronic  record  was  kept  of  the  up  and  down  times  for  the  targets,  and 
(b)  the  lapsed-time  cameras  (one  frame  per  second)  synchronized  with  the 
system  program  afforded  a  visual  indication  of  target  exposure.  This  was 
used  as  a  detailed  check  on  all  aspects  of  the  operation  of  the  field  layout  of 
the  target  system. 

The  photographic  hit  recording  of  the  flechette  runs  did  not  prove  very 
successful  because  identification  of  flechette  hits  from  the  film  data  was  in 
most  cases  impossible  and  camera  film  speeds  could  not  be  adequately  con¬ 
trolled.  This  type  of  recording  was  required  because  of  the  lack  of  time  sep¬ 
aration  of  flechettes  from  one  trigger  pull  and  the  tendency  of  the  flechettes 
to  short-circuit  the  aluminum  sandwich  targets.  Both  faulty  data  recording 
and  poor  ammunition  performance  render  the  flechette  results  almost  unusable. 
The  results  that  are  available  are  included  in  Table  5  and  are  detailed  in  App  B. 

Data  Reduction 

The  principal  problems  of  data  reduction  concern  the  relating  of  hits  on 
targets  to  individual  trigger  pulls  and,  in  the  case  of  multiple-bullet  ammuni¬ 
tion,  the  identification  of  each  hit  as  a  first-,  second-  (in  the  case  of  duplex 
and  triplex),  or  third-  (in  the  case  of  triplex)  bullet  hit.  The  hit-trigger-pull 
relation  and  the  identifications  depend  on  accurate  knowledge  of  the  time  of 
each  bullet  strike  on  the  target,  the  time  of  the  trigger  pull,  and  the  time  of 
flight  from  the  firing  line  for  each  type  of  projectile.  The  first  two  pieces  of 
data  were  measured  as  described  previously  and  times  of  flight  were  deter¬ 
mined  by  examining  a  large  number  of  individual  hits  with  simplex  ammunition, 
double  hits  with  duplex  ammunition,  and  triple  hits  with  triplex  ammunition 
fired  from  each  firing  position.  Time  data  were  recorded  on  Esterline-Angus 
tapes  in  the  field  and  later  transferred  to  International  Business  Machines 
(IBM)  cards  through  the  use  of  a  Telereader  analog-to -digital  computer.  This 
information  was  then  printed  out,  and  the  numerical  time  relations  were  in¬ 
dividually  examined. 
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In  relating  hits  to  trigger  pulls,  the  accuracy  with  which  the  data  were 
collected  perinitted  the  almost  complete  allocation  ot  hits.  Only  1  percent  of 
the  hits  could  not  be  ascribed  with  certainty  to  a  given  trigger  pull.  In  the  case 
of  the  identification  of  first-,  second-,  and  third-bullet  hits,  however,  less  ac¬ 
curacy  was  achieved.  This  is  due  not  so  much  to  the  recording  as  to  the 
variation  in  time  of  flight  or  bullet  velocity  from  round  to  round.  This  is  il¬ 
lustrated  in  Fig.  Cl,  where  it  can  be  seen  that  triplex  first-  and  second-bullet 
times  of  flight  overlap,  i.e.,  in  some  cases  a  lead  triplex  bullet’s  velocity  was 
such  that  its  time  of  flight  to  the  target  was  the  same  or  slower  than  the  second 
bullet  of  another  round.  'Aius  there  are  cases  where  it  is  impossible  to  deter¬ 
mine  for  a  given  single  bullet  strike  whether  it  was  a  first  or  second  bullet. 

The  same  is  true  to  a  lesser  extent  for  the  duplex  ammunition.  The  magnitude 
of  the  error  for  the  four  analyzed  ammunitions  is  shown  in  Table  C31. 

In  actual  practice  in  the  data  reduction  every  effort  was  made  to  identify 
bullet  hits  from  the  logical  context  as  well  as  by  using  time -of -flight  data. 
Cutoff  points  were  used  at  the  points  where  time-cf-fli^t  distributions  inter¬ 
sect.  Since  the  overlapping  times  of  flight  presumably  occurred  randomly  and 
affected  a  very  small  percentage  of  the  data,  they  can  be  assumed  to  have  little 
effect  on  the  analysis  described  below. 


DATA  ANALYSIS 

The  first  problem  in  the  analysis  of  the  data  after  they  were  reduced  was 
dealing  with  cases  where  data  were  missing.  In  SALVO  I  there  was  a  consid¬ 
erable  amount  of  missing  data,  and  compensating  for  it  was  one  of  the  most 
difficult  problems  in  the  analysis.  In  SALVO  II,  however,  owing  to  the  improved 
and  more  comprehensive  instrumentation  and  to  better  weapon  and  target  per¬ 
formances,  it  was  not  a  serious  problem. 

Missing  data  in  the  SALVO  experiments  occurred  for  one  of  three  reasons. 
First  a  target  failed  to  appear,  second  a  weapon  malfunctioned  and  the  firer  did 
not  fire  his  usual  number  of  shots,  or  third  the  target  appeared  but  the  electronic 
recording  did  not  function  properly. 

There  was  only  one  target  that  did  not  appear  in  the  course  of  the  16  runs 
that  were  used  in  the  major  comparisons  (.22-cal  simplex  and  flechette  runs 
excluded),  and  for  it  an  average  value  determined  on  the  basis  of  the  other  runs 
was  filled  in.  The  second  case,  that  of  weapon  malfunction,  was  extremely 
important  in  the  SALVO  I  analysis.  In  SALVO  II,  however,  only  20  minor  weapon 
malfunctions  occurred  during  the  16  runs.  These  malfunctions  were  of  such 
short  duration  (they  are  shown  in  detail  in  Table  B7)  that  they  are  ignored  in  the 
SALVO  II  analysis.  In  the  third  case,  where  the  data  were  not  recorded  electri¬ 
cally  because  of  a  target  shorting  out  or  a  ricochet  failing  to  register  properly, 
alternative  data  from  the  paper  target  faces  were  used.*  Serious  malfunctions 
of  this  type  occurred  16  times  during  these  16  runs  (or  352  target  appearances) 
and  affected  329  out  of  the  4252  hits  (see  Table  C22).  These  8  percent  of  the  hits 


Hicoi'hets  perforated  the  targets  but  occasionally,  because  of  their  broad  aspect  of  presenta¬ 

tion  to  the  target,  would  not  properly  broach  the  insulating  rubl>ce  layer  in  time  to  record  (see  App  K). 
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on  the  paper  target  faces  were  prorated  as  to  first-,  second-,  and  third-bullet 
hits  on  the  basis  of  average  values  of  other  runs  and  as  to  the  firers  on  the 
basis  of  the  individual  firer’s  aiming  error  determined  in  the  other  runs.  This 
process  is  described  in  detail  in  App  C. 

The  only  other  discrepancy  between  electronic-record  and  target-face 
count  encountered  in  the  data  analysis  was  the  result  of  a  target  failing  to  drop 
because  of  mechanical  failure.  Because  the  electronic  recording  ceased  at  the 
programed  drop  time,  it  was  accepted  as  correct  and  the  target-face  count  was 
ignored.  However,  because  of  this  malfunction  the  following  target  that  appeared 
did  not  receive  as  many  hits  as  it  normally  would  have,  and  again  average  num¬ 
bers  were  used  in  adjusting  its  hits. 

In  summary  it  may  be  said  that  adjustments  to  actual  hits  on  the  targets, 
i.e.,  holes  in  the  paper  faces,  were  made  for  less  than  1  percent  of  the  total 
hits.  Adjustments  to  the  electronically  recorded  data  to  bring  them  into  line 
with  the  holes  in  the  paper  faces  were  made  for  6  percent  of  the  total  hits  and 
always  on  the  basis  of  average  values  determined  on  other  runs  or  on  aiming 
errors  computed  for  the  man  and  ammunition  involved. 


RESULTS 

This  section  considers  two  types  of  experiment  results:  (a)  those  per¬ 
taining  to  ammunition  differences  and  (b)  those  pertaining  to  the  general  nature 
of  rifle  fire  on  the  salvo  target  system. 

Ammunition  Differences 

The  effectiveness  criterion  used  in  this  analysis  is  casualty  gain  per 
trigger  pull,  i.e.,  test-ammunition  score  minus  control-ammunition  score,  di¬ 
vided  by  control-ammunition  score.  Ammunition  and  weapon  weights  for  those 
ammunitions  on  which  usable  data  were  obtained  were  essentially  the  same. 

In  addition  production  costs  of  the  ammunitions  are  comparable.  Hence  com¬ 
parisons  by  weight  and  cost  are  not  of  primary  pertinence.  Another  criterion, 
gain  in  number  of  targets  hit  per  trigger  pull,  is  included  in  the  major  tables. 

The  effects  of  overkills  for  double  and  triple  hits  from  one  trigger  pull 
are  computed  in  App  O  of  ORO-T-378,^  and  this  same  method  is  used  here. 

The  specific  casualty  probability  used  for  single  hits  is  .7;  for  double  hits, 

.91,  i.e.,  .7  +  [0.7  (1  -  0.7)];  and  for  triple  liits,  .97  (similarly  deduced).  The 
detailed  analysis  of  overkills  is  presented  by  man,  by  target,  and  by  run  in 
Tables  Cl  to  C16.  The  casualty  probability  for  triplex  hits  is  degraded  by  a 
factor  of  18  percent  at  ranges  of  200  yd  and  beyond.  This  is  based  on  the  fact 
that  at  those  ranges  the  triplex  ammunition  used  will  not  penetrate  helmets, 
and  the  equivalent  appro.ximation  of  the  decrease  in  lethality  based  on  App  B 
of  ORO-T-378‘  is  18  percent.  In  contrast  to  SALVO  1  ammunitions,  the  .30- 
and  .22-cal  duplex  ammunitions  penetrate  helmets  at  a  400-yd  range  (see  App  B). 

Major  ammunition  differences  are  shown  in  Tables  6  to  8.  The  .22-cal 
simplex  ammunition-weapon  combination  was  of  such  low  technical  quality  that 
comparisons  are  of  extremely  limited  value  and  results  are  included  only  in 
Table  6.  Its  failure  is  described  in  App  B.  A  combination  of  poor  ammunition 
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functioning  and  data-recording  failure  also  make  the  flechette  results  of  little 
value.  Partial  results  are  included  in  Table  6  and  a  detailed  discussion  is 
presented  in  App  B.  As. a  result  the  major  comparisons  are  between  .30-cal 
simplex,  .22-cal  and  .30-cal  duplex,  and  .30-cal  triplex  ammunition.  Table  6 
shows  total  shots,  hits,  casualties,  and  hits  and  casualties  per  shot  for  these 
ammunitions. 


Table  6 

Total  Shots,  IhTS,  Casualties,  and  Hit  and  Casualty  Phobabilities 
PER  Trigger  Pull  with  SALVO  11  Ammunition 


Ammunition 

Shots 

Hits 

Casualties 

Probabilities 

Hit 

Casualty 

Excluding  Ricochets 

.30-cal  simplex 

2636 

612 

428 

.232 

.162 

.30-cal  duplex 

2659 

1054 

643 

.396 

.242 

.30-cal  triplex 

2739 

1133 

586 

.414 

.214 

, 22-cal  duplex 

25.39 

1005 

593 

.396 

.234 

.22-cal  simplex 

2438 

346 

242 

.142 

.0993 

Including  Ricochets 

.30-cal  simplex 

2636 

733 

513 

.278 

.195 

.30-cal  duplex 

2659 

1118 

686 

.420 

.258 

.30-cal  triplex 

2739 

1214 

643 

.443 

.234 

.22-cal  duplex 

2539 

1187 

718 

.467 

.283 

.22-cal  simplex® 

2438 

434 

304 

.178 

.125 

12-gage  flechettes  — 

— 

— 

(.34)^’ 

(.11)’’ 

\)wing  to  Us  poor  showing,  which  was  later  demonstrated  to  be  due  to  large 
ballistic  error,  .22-cal  simplex  amnunition  is  not  used  as  a  control  ammunition. 

^hese  are  partial  results  based  on  all  flechette  data  that  could  be  evaluated  for 
the  effects  of  multiple  hits  and  hence  are  not  comparable  with  the  other  ammunition 
results.  Comparable  .30-ca]  simplex  ammunition  results  are  0.43  hits/round  and 
0.31  casualties/round.  In  addition  the  individual  flechette  casualty  criterion  used 
was  0.35.  Further  Ballistic  Research  Laboratories  (BRL)  study  indicates  that  these 
flechette  lethalities  may  be  lower  than  this,  further  depressing  the  flechette  results. 


It  is  noted  that  major  test  results  are  given  both  with  ricochets  counted 
as  ordinary  hits  and  with  ricochets  excluded.  Since  little  is  known  concerning 
the  lethality  of  ricochets  or  their  occurrence  in  conditions  other  than  those  of 
this  particular  experiment,  emphasis  is  placed  on  results  that  do  not  include 
ricochet  hits.  This  does  not  imply  that  the  study  team  believes  ricochet  hits 
are  not  effective  but  only  that  information  concerning  them' is  lacking. 
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Tablf.  7 

Percentage  of  Casualty  and  Hit  Gains^  with  .30- cal  Puplex 
AND  Triplex  and  .22- cal  Duplex  Ammunition  over 
.30- CAL  Simplex  Ammunition 

(9556  confidence  limits  included) 


Ammunition 

Gain,  % 

1 

Hits 

Casualties 

Excluding  Ricochets 

.30-cal  duplex 

71  ±  10 

49  ±  11 

.30-cal  triplex 

78  ±8 

32  ±6 

.22*cal  duplex 

71+9 

44  +  10 

Including  Ricochets 

.30-cal  duplex 

51  ±8 

32  i  9 

.30-cal  triplex 

59  ±6 

20  ±5 

.22-cal  duplex 

68  +  8 

45+7 

^[(Duplex  or  triplex  ammunition)  —simplex  ammunitionl/siinplex 
ammunition* 


Table  8 


Targets  Hit  per  Trigger  Pull  for  SALVO  11  Mimunition 


Ammunition 

Shots 

Targ.  ts  hit 

Target  hil/shol 

(iain, 

, 30-cal  simplex 

2636 

excluding  Ricochet 

612 

s 

0.232 

.30-cal  duplex 

2659 

866 

0,326 

41 

.30-cal  triplex 

2739 

772 

0,282 

22 

.22-cal  duplex 

2539 

813 

0.320 

.38 

.30-cal  simplex 

2636 

Incl  uding  Ricochets 

733 

0.278 

..30-cal  duplex 

2659 

921 

0..346 

24 

.30-cal  triplex 

2739 

830 

0..303 

9 

.22-cal  duplex 

2539 

956 

0..376 

35 

^[(Duplex  or  triplex  ammunition)  —simplex  nm.munitionl/simplex  ammunition. 
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Aiming  Error 

The  total  rifle  firing  error  includes  ballistic  dispersion,  wind-correction 
error,  drop-correction  error,  etc.,  as  well  as  the  human  error  in  pointing  the 
rifle  at  the  target.  In  normal  circumstances,  however,  this  human  aiming  error 
is  much  larger  than  any  or  all  the  other  errors.  As  is  shown  in  App  D,  these 
other  errors  comprise  such  a  small  percentage  of  the  total  error  that  their 
contribution  is  negligible.  Hence,  for  simplicity,  the  term  aiming  error  is  used 
in  this  report  synonomously  with  total  error.  Since  hits  and  shots  by  each  man 
could  be  differentiated,  errors  for  .30-cal  simplex  ammunition  were  computed 
by  man  for  the  target  system  and  are  included  in  Table  Dl.  Average  total  error 
for  the  20  firers  in  SALVO  II  is  2.8  mils  if  ricochet  hits  are  scored  and  3.1  mils 
excluding  ricochet  hits.  The  20  individual  firer  errors  for  .30-cal  simplex 
ammunition  range  from  2  to  3.7  mils.* 

The  major  assumptions  used  in  computing  these  errors  were  that  (a)  an 
F  target  is  adequately  represented  by  an  equivalent-area  circle  20  in.  in  diameter 
and  an  E  target  by  a  28-in.  circle,  (b)  the  center  of  aim  is  the  center  of  the  target, 
and  (c)  projectiles  are  normally  distributed  around  the  center  of  aim. 

The  over-all  average  figures  above  are  simple  averages,  i.e.,  aiming  errors 
on  10  target  groupings  (the  targets  within  each  group  having  roughly  the  same 
presented  area,  see  Table  D7)  are  summed  and  the  linear  mean  computed.  The 
individual  errors  for  the  20  firers  are  also  simple  averages  on  these  same  10 
target  groupings.  Errors  on  the  individual  22  targets  are  also  computed  and 
presented  in  App  D  along  with  a  discussion  of  the  aiming-error  computations. 

Examination  of  Major  Ammunition  Differences 

The  main  problem  in  the  initial  examination  of  SALVO  II  results  was  ex¬ 
plaining  why  two  ammunitions,  i.e.,  .30-  and  ,22 -cal duplex,  havingalmost  identical 
ballistic  and  other  fundamental  characteristics  achieved  differing  hit- probability 
gains  as  compared  with  the  control  ammunition  (.30-  and  .22-cal  simplex).  The 
difference  of  a  51  percent  gain  for  the  .30-cal  duplex  ammunition  as  compared 
with  a  68  percent  gain  for  the  .22-cal  duplex,  including  ricochet  hits,  as  illus¬ 
trated  in_Table  6,  is  not  only  surprising  but  requires  an  explanation.  In  this 
regard  the  experimental  conditions  were  examined  carefully  both  during  and 
subsequent  to  the  experiment.  The  only  data  that  appear  to  apply  to  the  problem 
are  the  relative  number  of  ricochet  hits  by  the  various  ammunitions.  These 
data  are  obtained  from  the  paper  target  faces,  and  are  recognizable  as  hits  that 
went  through  the  targets  sidewise  or.  nearly  sidewise.  The  percentage  of  ricochets 
for  each  ammunition  is  shown  in  Table  9.  In  Tables  6  and  7  the  ricochets  that 
occurred  on  each  target  face  are  subtracted  from  the  hits  on  that  target.  It  was 
assumed  that  first  and  second  bullets  were  equally  as  likely  to  ricochet.  As  is 
shown  in  these  tables,  subtracting  ricochets  in  this  manner  affords  surprisingly 
close  agreement  between  .30-  and  .22-cal  duplex  results. 


♦Th  cse  figures  include  ricochet  hits  since  it  was  not  possible  to  subtract  these  hits  by  individual  men. 
They  therefore  underestimate  the  true  aiming  error. 
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Salvo  theory,  as  developed  in  several  ORO  studies, predicts  the 
increase  in  direct  hits  for  duplex  salvo  ammunition  under  various  conditions. 

It  also  predicts  the  kind  of  hits  that  will. occur,  i.e.,  the  percentages  of  first- 
bullet  hits,  hits  from  duplex  pairs,  and  second-bullet  hits.  What  it  aces  not  do, 
however,  is  predict  the  number  of  ricochets.  Thus  one  method  of  checking  the 
veracity  of  the  experimental  results  is  to  subtract  the  ricochets  made  by  each 
ammunition  and  compare  the  resultant  experimental  results  with  theoretical 
predictions. 


Table  9 

Percentage  of  Hicochet  Hits  for 
SALVO  II  Ammunition 


Ammunition 

Ricochets,  % 

.30-cal  simplex 

16 

.30“cai  duplex 

6 

.30-cal  triplex 

7 

.22-cal  duplex 

15 

.22-cal  simplex 

20 

Table  10 

Experimental  and  i^edicted  Hit  I^obabilities 
FOR  Duplex  Ammunition 
(95%  confidence  limits  included;  Ref  11,  p  698) 


Ammunition 

Experimental  hit  probabilities 

Predict  cd° 

Including  ricochets 

Excluding  ricochets 

hit  probability 

.30-cal  duplex 

.420  + .024 

.396  ±  .023 

.416 

.22-cal  duplex 

.467  +  .024 

.396  ±  .023 

.416 

**The  predicted  over-all  hit  probability  is  b 
fired  at  each  tiu-gct  grouping. 

•ased  on  the  experimental 

number  of  shots 

The  predictions  are  made  by  computing  the  .30-cal  simplex  aiming  error 
minus  ricochets  and  on  this  basis  computing  expected  duplex  hit  probabilities 
for  the  10  target  groupings  having  approximately  the  same  angular  size.  These 
hit  probabilities  are  then  compared  with  duplex  experimental  hit  probabilities 
minus  ricochets.  The  comparisons  by  target  grouping  are  shown  in  Table  D6. 
The  experimental  hit  probabilities  are  derived  from  Table  C17  and  the  master 
data  tables.  Table  10  summarizes  the  results  of  this  analysis  for  .30-cal  and 
.22-cal  duplex  ammunition. 
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In  Table  10  it  is  seen  that  if  ricochets  are  excluded  the  theoretical  values 
fall  within  the  95  percent  confidence  limits  of  the  experimental  values.  More 
important,  however,  is  the  fact  that  the  predicted  values  also  fall  within  the  9  5  per¬ 
cent  confidence  limits  of  the  .30-cal  duplex  score,  ricochets  included,  but  fall 
outside  this  limit  for  .22-cal  duplex  ammunition,  which  would  be  expected.  There 
are  many  more  extra  or  ricochet  hits  in  the  .22-cal  duplex  data  than  in  the  .30- 
cal  duplex  data,  i.e.,  6  vs  15  percent. 

Firer  Accuracy  and  Gain  from  Salvo  Ammunitions 

There  is  still  another  method  of  checking  the  agreement  of  SALVO  II 
experimental  results  with  salvo  theory,  which  states  that  duplex  and  triplex 
ammunitions  tend  to  compensate  for  the  firer ’s  inaccuracy  and  that  the  greater 
this  inaccuracy,  the  greater  the  gain  from  the  use  of  salvo  ammunition.  There 
were  wide  differences  in  firing  accuracy  among  the  firers  in  the  SALVO  II 
experiment.  These  differences  are  best  expressed  as  a  standard  deviation  in 
mils  or,  roughly  speaking,  the  aiming  error.  Firer  errors  for  various  ammu¬ 
nitions  ranged  from  2  to  over  5  mils.  One  would  expect  that  there  would  be  a 
strong  relation  between  the  size  of  the  aiming  error  and  the  casualty  gain  from 
the  use  of  duplex  or  triplex  ammunitions;  this  is  confirmed  by  the  experimental 
results. 

The  results  can  be  examined  in  two  ways.  First,  aiming  errors  can  be 
computed  for  each  man  on  the  .30-cal  simplex  ammunition.  These  errors  can 
then  be  correlated  with  the  casualty  gain  achieved  by  each  man  when  firing 
duplex  and  triplex  ammunitions.  When  this  is  done  a  strong  positive  correla¬ 
tion  is  found  between  the  size  of  error  and  amount  of  casualty  gain.  The  cor¬ 
relation  coefficients  are  0.747  for  .30-cal  duplex  ammunition,  0.628  for  .22-cal 
duplex  ammunition,  and  0.549  for  .30-cal  triplex  ammunition. 

These  results,  however,  are  partly  obscured  by  the  fact  that  the  ammuni¬ 
tions  have  different  ricochet  factors.  A  more  precise  method  of  looking  at 
casualty  gain  as  a  function  of  aiming  error  is  to  compute  the  aiming  error  from 
the  lead  projectiles  of  the  salvo  ammunitions.  Then  casualties  can  be  assessed 
for  the  lead  rounds,  the  casualty  gain  that  accrues  from  the  following  rounds 
can  be  computed,  and  this  gain  can  be  correlated  with  lead-round  aiming  error. 

In  this  way  the  effects  of  differing  ricochet  factors  are  excluded.  Table  11 
summarizes  the  results  ctf  this  analysis. 

There  is  a  very  strong  relation  between  the  casualty  gain  and  the  aiming 
error  in  all  three  cases.  The  lowest  correlation  of  the  three  occurs  with  .22rcal 
duplex  ammunition— the  ammunition  having  the  highest  percentage  of  ricochets. 
The  theoretical  relation  between  the  aiming  error  in  mils  and  the  percentage 
gain  in  casualties  appears  as  an  increasing  curve;  a  ‘logistic  curve”  (see  App  D) 
was  fitted  to  the  experimental  results.  These  are  shown  in  Figs.  5  to  7.  To 
further  illustrate  the  agreement  between  salvo  theory  and  the  experimental 
results.  Figs.  5  and  6  also  show  the  predicted  casualty  gain  as  a  function  of  aiming 
error.  The  fact  that  the  predicted  values  fall  below  the  average  experimental 
values  presumably  is  dueio  the  extra  ricochet  hits  included  in  the  experimental 
data.  The  95  percent  confidence  limits  are  computed  as  explained  in  App  D, 
the  section  “Experimental  Curve  and  Confidence  Bounds.” 


24 


ORO-T-397 


CONFIDENTIAL 


CONFIDENTIAL 


Another  graphic  illustration  of  salvo  theory  in  action  appears  in  the 
moving-target  results.  Here,  owing  to  lateral  movement,  hit  probabili  v  was 
decreased  from  an  average  of  .28  to  .21  for  simplex  ammunition,  for  example, 
and  large  gains  would  be  expected  from  the  use  of  salvo  ammunitions.  Table 
12  shows  these  gains. 


Table  1 1 

Correlation  between  Aiming  F!rror  and  Casualty  Gain 
FROM  SA1.V0  Ammunitions 


Ammunition 

Range  of 
aiming  errora, 
mils 

Range  of  gain 
from  aalvo 
ammunitions,  % 

Correlation 

coefficients® 

Residual  variation, 

%  of  original 
variation^ 

.30-cal  duplex 

2.18-4.88 

29-207 

0.866 

25 

.30-cal  triplex 

2.34-6.76 

51-282 

0.915 

16 

.22-cal  duplex 

2.16-4.44 

28-115 

0.640 

59 

®The  correlatiou  coefficient  ia  a  meaaure  of  the  relation  between  the  aiming  errors  of  the  firers  and  the 
gain  from  using  aalvo  ammunition. 

^he  reaidual  variation  ia  the  atandard  deviation  of  the  test  results  after  aiming  error  is  taken  into 
account.  In  thia  table  the  reaidual  variation  ia  shown  as  a  percentage  of  the  original  variation. 


Table  12 


Casualty  Gain  on  Moving  Targets  vs  All  Targets  for 
.30-  .AND  .22- cal  Duplex  and  .30- cal  Triplex 
Ammunition  over  .30-cal  Simplex  Ammunition 


Arnnunitinn 

Casualty  gain,  % 

Moving  targets 

All  targeta 

.30-cai  duplex 

77  ±37“ 

49  ±  11“ 

.30-cal  triplex 

76  ±  43 

32  ±6 

.22-cal  duplex 

127  ±56 

44  ±  10 

“Ninety-five  percent  confidence  limits. 


Ammunition  Precision 

As  illustrated  in  Table  13,  the  first  bullets  of  salvo  ammunition  have 
comparable  ballistic  precision  with  the  .30-cal  simplex  ammunition.  Error 
for  triplex  first  bullets  is  slightly  larger  than  for  the  other  ammunitions  but 
not  so  much  larger  that  a  discernible  difference  on  the  target  system  would 
be  expected  given  an  aiming  error  of  about  3  mils.  When  the  raw  data  are 
examined,  however,  a  large  difference  is  found  in  simplex  vs  first-round 
.30-cal  duplex  and  triplex  hit  probabilities,  as  is  also  shown  in  Table  13.  This 
effect  was  also  observed  in  tests  of  duplex  ammunition  at  the  Infantry  Board. 
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In  that  case  differences  in  the  relative  hit  probabilities  between  simplex 
ammunition  and  the  first  bullet  of  the  duplex  ammunition  were  attributed  to 
lack  of  precision  on  the  part  of  the  latter.  It  was  noted  in  the  Board  tests 
that  at  the  range  at  which  the  rifles  were  zeroed  (300  yd)  and  where  one  would 
expect  hits  to  be  equal  the  simplex  ammunition  got  about  20  percent  more  hits 
than  did  duplex  first  bullets.* 


Table  13 

Precision  Characteristics  of  SALVO  II  Ammunitions 


Ammunition 

Mean  radius  of  first-bullet 
ballistic  error  at  100  yd,  in. 

First-hullet  hit 
probability^ 

.30-cal  simplex  (M2  ball) 

1.5 

.278 

.30*cal  duplex 

1.6 

.226 

.30-cal  triplex 

2.2 

.182 

.22-cal  duplex 

1.8 

.277 

^he  accuracy  of  these  hit  probahilities  is  subject  to  the  previously  mentioned 
problem  of  identifying  first  and  second  bullets  but  is  considered  to  be  a  very  good 
estimate.  They  also  include  ricochets. 


When  the  SALVO  II  data  were  examined  in  detail  it  was  found  that  at  the 
zeroing  range  the  same  effect  as  that  found  in  the  Infantry  Board  test  appeared. 
Duplex  first-bullet  hits  at  the  zeroing  range  (IBS  yd)  were  about  20  percent  less 
than  simplex  hits.  In  fact  they  were  generally  lower  at  all  ranges.  The  ballistic 
data  obtained  by  D&PS,  APG  were  carefully  examined. In  addition  extensive 
ballistic  tests  under  as  close  to  SALVO  II  conditions  as  possible  were  conducted 
by  Springfield  Armory.  Neither  of  these  tests  found  large  operational  differ¬ 
ences  in  ballistic  precision  among  .30-  or  .22-cal  duplex  ammunition  and 
.30-cal  simplex  (M2  ball)  ammunition.  The  same  slightly  larger  ballistic  error 
for  .30-cal  triplex  ammunition  was  observed  in  these  tests. 

As  a  result  of  these  teststhe  SALVO  II  data  were  examined  more  closely. 
Again  the  problem  of  ricochets  was  encountered,  and  it  was  hypothesized  that 
they  explained  the  difference  in  hits  at  the  zeroing  range,  i.e.,  165  yd.  Table  14 
and  Fig.  8  show  the  result  of  this  analysis.  Here  it  is  evident  that  with  ricochets 
removed,  first-bullet  hits  for  duplex  and  simplex  ammunition  are  roughly  com¬ 
parable  on  the  over-all  target  system.  The  .30-cal  triplex  hits  are  somewhat 
lower.  Figure  8  is  a  more  detailed  examination,  where  the  ratio  of  first-bullet 
hits  with  the  salvo  ammunitions,  as  compared  with  .30-cal  simplex  ammunition, 
is  plotted  as  a  function  of  range.  Also  shown  are  the  95  percent  confidence  limits 
of  the  .30-cal  simplex  data. 

Two  effects  appear  in  Fig.  8.  First  it  is  e\’ident  that  once  ricochets  are 
removed,  .30-cal  duplex  first-bullet  hit  probabilities  are  closely  comparable 
out  to  about  250  yd.  The  .22-cal  duplex  and  .30-cal  triplex  ammunitions  do  not 

*■11118  dclBiUd  resultdid  not  appear  in  tbe  Infantry  Hoard  report  and  was  obuined  informally  from  tbe  Hoard. 
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Table  14 

Ricochet  Hits  and  First-Bullet  Hit  Probability 


Ammunition 

Ricochets,  % 

First-bullet 
hit  probability 
(excl  ricochets) 

.30-cal  simplex 

16 

.232 

.30-cal  duplex 

6 

.212 

.30-cal  triplex 

7 

.168 

.22~coa  uuplex 

IS 

.224 

ACTUAL  RANGE,  YD 

Fig.  8— Duplex  and  Triplex  First-Bullet  Hits,  Excluding 
Ricochets,  Relative  to  .30-col  Simplex  Ammunition 

.30-cal  duplex;  ~  ~.22-cal  duplex;  •••••. 30-eal  triplex. 
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look  so  good.  Between  a  range  of  approximately  100  and  160  yd  the  number  of 
.22-cal  duplex  and  .30-cal  triplex  first-bullet  hits  are  low,  and  in  this  range 
they  do  not  fall  within  the  95  percent  confidence  limits  of  .30-cal  simplex  (M2 
ball)  ammunition.  Second  the  first-bullet  hit  probabilities  of  all  the  salvo  ammu¬ 
nitions  are  significantly  different  from  .30-cal  simplex  ammunition  at  the  extreme 
range  of  the  target  system.  Here  the  greater  drop  of  the  lighter  and  slower  salvo 
bullets  plus  the  limited  instruction  on  hold-off  given  the  firers  becomes  apparent. 
With  respect  to  this  effect,  however,  it  must  be  remembered  that  hits  at  this 
range  constitute  a  very  small  percentage  of  the  total  and  that  this  percentage  is 
compensated  for  by  the  second  bullet.  These  data  also  indicate  that  what  the 
Infantry  Board  observed  at  the  range  at  which  the  rifles  using  .30-cal  duplex 
ammunition  were  zeroed  in  their  test  was  not  primarily  a  difference  in  ballistic 
precision  but  a  difference  in  ricochet  characteristics.  Hence  the  Board’s  rec¬ 
ommendation  that  more  work  be  done  on  “the  combat  accuracy”  of  the  salvo 
ammurdtion  is  inappropriate  if  taken  to  mean  improvement  in  ballistic  precision. 

Rate  of  Fire 

The  over-all  rates  of  fire  in  SALVO  II  were  about  one-third  greater  than 
those  in  SALVO  I.  Although  target- exposure  times  were  reduced  by  one-third 
in  SALVO  H,  about  the  same  number  of  rounds  (620  in  SALVO  I  vs  660  in 
SALVO  II)  were  fired  per  run.  In  SALVO  II  the  median  time  to  fire  the  first 
shot  for  all  firers  using  all  ammunition  (excluding  .22-cal  simplex  and  flechette) 
was  2.8  sec;  the  median  rather  than  the  average  is  used  since  it  avoids  the 
extreme  durations  represented  by  clip-loading  time,  which  cannot  be  distin¬ 
guished  from  aiming  and  firing  time.  The  median  gives  a  good  estimate  of  Uie 
time  actually  required  to  reaim  and  fire.  A  more  detailed  look  at  the  time 
between  shots  showed  that  firers  tend  to  fire  more  quickly  at  targets  having  a 
larger  presented  area  (see  Fig.  C2).  The  median  time  between  shots  for  targets 
31  to  34,  i.e.,  those  having  the  smallest  presented  area,  was  1.8  sec.  For  targets 
5  and  7,  those  having  the  largest  presented  area,  it  was  1.2  sec.  There  was  no 
observable  effect  of  this  type  from  the  time  of  target  appearance  until  the  first 
shot  was  fired. 

In  the  case  of  average  time  until  the  first  shot  was  fired,  SALVO  II  times 
were  about  one-half  those  computed  for  SALVO  1—2.8  vs  5.3  sec.  To  compare 
time  between  shots  in  SALVO  I  and  II  averages  were  computed,  and,  as  expected, 
SALVO  II  times  were  more  than  one-third  lower  than  SALVO  I,  averaging  about 
1.9  instead  of  3.5  sec.  In  addition  late  fire,  i.e.,  fire  that  occurs  after  the  target 
has  gone  down  and  has  no  chance  of  hitting,  was  less  in  SALVO  II,  constituting 
about  4  percent  of  the  total  fire  vs  12  percent  in  SALVO  I. 

The  reasons  for  these  differences  in  rate  of  fire  cannot  be  precisely  de¬ 
fined,  but  several  factors  appear  to  contribute— two  primary  causes  especially. 
First  was  the  different  background  and  training  of  the  experimental  troops.  In 
addition  to  being  test  wise,  as  is  mentioned  in  App  A,  their  TRAINFIRE  train¬ 
ing  was  nearly  ideal  for  the  salvo  target  system.  In  TRAINFIRE  emphasis  is 
placed  on  identifying  targets  very  similar  to  salvo  targets,  and,  in  addition,  a 
certain  amount  of  lime  pressure  is  placed  on  the  firer.  Hence  a  higher  rate  of 
fire  would  be  expected  than  that  for  SALVO  I  firers  who  were  trained  on  known- 
distance  and  transition  ranges.  The  second  major  factor  affecting  the  rate  of 
fire  was  the  number  of  weapon  malfunctions.  These  are  to  some  extent  elim- 
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inated  in  the  average  figures  for  SALVO  I  given  above,  but  they  were  so  prev¬ 
alent  that  it  was  impossible  to  eliminate  them  altogether.  In  SALVO  II,  on  the 
ocher  hand,  there  were  essentially  no  ma],functions.  Another  minor  contributing 
factor  was  the  increased  tempo  of  the  target  system  on  SALVO  n.  Since  there 
was  a  larger  number  of  2-,  3-,  and  4-sec  targets,  time  pressure  was  more 
severe  than  in  SALVO  I. 

The  decrease  in  late  fire  can  for  the  most  part  be  attributed  to  an  improved 
method  for  isolating  this  fire  used  in  SALVO  II.  In  SALVO  I  all  fire  that  occurred 
after  the  target  accepted  a  down  signal  was  considered  late  fire.  Using  this  same 
criterion  12.5  percent  of  the  fire  in  SALVO  n  was  late  fire.  Through  an  exam¬ 
ination  of  the  hit  recording  in  SALVO  II  it  was  determined  that  the  assumption 
that  a  target  could  no  longer  be  hit  at  the  moment  it  accepted  a  down  signal  was 
Incorrect.  Hits  could  actually  be  achieved  and  electronically  recorded  up  to 
0.4  sec  after  the  down  pulse  was  accepted  by  the  target.  Hence  late  fire  in 
SALVO  II  was  computed  from  the  time  the  target  accepted  the  down  pulse  plus 
0.4  sec.  On  this  basis  it  was  found  that  late  fire  then  accounted  for  about  3.5 
percent  of  total  shots  fired  and  took  place  during  a  0.6-sec  interval.  This  latter 
period  is  less  than  half  that  reported  in  SALVO  I,  \rtiere  late  fire  occurred,  on 
the  average,  1.27  sec  after  the  target  was  supposed  to  have  gone  down. 

There  was  visual  indication  that  late  fire  may  have  been  a  somewhat 
greater  factor  in  SALVO  I  than  in  SALVO  II.  There  was  very  much  less  dust 
on  the  target  system  in  SALVO  II,  and  consequently  it  was  easier  to  tell  when 
a  target  had  gone  down.  It  must  be  concluded,  however,  that  truly  late  fire  in 
SALVO  I  was  less  than  the  12.5  percent  reported. 

In  addition  to  differing  rates  of  fire  as  a  function  of  target  size,  it  was 
also  observed  that  the  rates  of  fire  (both  time  to  fire  first  shot  and  time  between 
subsequent  shots)  of  individual  firers  varied  considerably.  Both  of  these  were 
compared  with  the  computed  aiming  errors  for  each  man.  There  was  a  very 
low  correlation,  a  fact  that  indicates  that  for  a  given  rate  of  fire  no  prediction 
as  to  accuracy  can  be  made,  i.e.,  because  an  individual  fires  rapidly  it  does  not 
necessarily  mean  that  he  will  get  more  or  less  hits  per  shot.  The  implication 
is  that  individuals  tend  to  achieve  some  sort  of  natural  rate  of  fire.  Whether 
this  is  the  best  that  an  individual  can  do  was  not  determined  in  this  experiment. 

TRAINFIRE,  Army  General  Classification  Test  (AGCT) 

Scores,  and  Accuracy  on  Salvo  Target  System 

The  aiming  error  for  each  man  was  computed  for  the  .30- cal  simplex 
runs.  These  necessarily  include  ricochets.  The  aiming  errors  were  then 
compared  with  the  firers’  TRAINFIRE  scores.  A  relatively  high  correlation 
results,  indicating  that  in  general  those  firers  who  did  well  on  TRAINFIRE 
also  did  well  on  the  salvo  system,  (i.e.,  the  higher  their  TRAINFIRE  score  the 
lower  their  aiming  error).  Results  are  shown  in  Table  15.  Average  values 
were  experts,  2.5  mils;  sharpshooters,  2.7  mils;  and  marksmen,  3.1  mils. 

(The  over-all  average  noted  earlier  was  2.8  mils.)  Since  these  values  of  aiming 
error  are  based  on  all  hits  including  ricochets,  the  true  absolute  values  are 
higher.  If  no  significant  bias  exists  among  qualifications  these  values  should 
be  corrected  by  the  over-all  ratio  3.1  to  2.8. 
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The  process  above  was  also  done  for  AGCT  scores,  and  a  lower  but  still 
significant  correlation  was  observed.  This  indicates  that  intelligence  as  meas¬ 
ured  by  the  Army  AGCT  tests  is-also  a  factor  in  the  individual’s  ability  to  do 
well  on  the  salvo  target  system  (the  higher  the  AGCT  score  the  lower  tlie  aim¬ 
ing  error).  These  results  are  also  shown  in  Table  15.  Average  values  in  the 
range  of  scores  were  from  117  to  131,  2.7  mils;  97  to  116,  3.0  mils;  and  76  to 
96,  3.0  mils. 


Tarlf.  15 


GinRFI.A'nON  OF 

THAIM'IIIK 

VS  AGCT  Aiminc 

!-!itiloi! 

Range 

Ilesidual  vtiriat ion. 

Aiming-error 

of 

(Correlation 

%  of  original 

Kxercise 

range,  mils 

scores 

coefficient 

v.'iriation 

TRAINnHF. 

1.97-3.70 

41-83 

-0.408 

83 

AGCT 

1.97-3.70 

76-131 

-0..347 

88 

Learning 

In  SALVO  I  there  was  no  discernible  learning  if  hit  probabilities  alone 
were  examined.  When  rates  of  fire  and  total  hits  were  considered,  however, 
it  became  obvious  that  learning,  in  the  form  of  getting  more  fire  on  the  target 
system,  had  occurred.  The  SALVO  II  experiment  is  extremely  difficult  to 
analyze  from  the  point  of  view  of  learning.  Where  in  SALVO  I  there  were  3 
weeks  of  firing  under  relatively  stable  weather  conditions,  in  SALVO  II  there 
were  3  days  of  firing  under  widely  differing  weather  conditions.  As  noted  in 
Table  2,  the  weather  on  the  second  day  of  the  experiment  was  very  cold,  and 
hence  instead  of  the  rate  of  fire  increasing  as  the  experiment  continued,  it 
actually  decreased. 

There  is  a  negative  correlation  between  run  sequence  and  rate  of  fire  and 
a  positive  correlation  between  temperature  and  rate  of  fire.  The  correlation 
coefficient  between  temperature  and  run  sequence  appears  to  be  an  entirely 
chance  occurrence.  Since  weather  was  a  chance  occurrence,  and  yet  has  the 
highest  value  of  any  in  the  correlation,  it  obscures  any  learning  that  might 
have  occurred.  Learning  is  also  obscured  by  other  factors  in  the  SALVO  II 
experiment.  As  was  mentioned  before,  the  experimental  subjects  were  used 
to  this  type  of  testing  and  were  quick  to  exploit  factors  that  might  im.prove 
their  score.  There  was  a  competition  between  the  two  squads  for  prizes  dis¬ 
tributed  at  the  end  of  the  experiment,  and  the  squad  scores,  i.e.,  total  shots, 
total  hits,  and  hit  percentages,  were  posted  at  the  end  of  each  day.  The  basis 
on  which  these  prizes  were  to  be  awarded  was  kept  secret  from  the  experimental 
subjects,  mainly  because  the  experimenters  could  not  decide  whether  total  hits 
or  hit  probability  was  the  better  criterion.  The  troops,  however,  as.sumed,  and 
assumed  correctly,  that  hit  probability  would  be  the  ultimate  measure.  Thus 
the  emphasis,  particularly  on  the  last  day  of  the  experiment,  was  on  making 
every  shot  count— another  factor  possibly  tending  to  decrease  the  rate  of  fire. 


ORO-T-397 


CONFIDENTIAL 


CONFIDEHTIAL 


The  next  alternative  is  to  examine  hit  probabilities  for  effects  of  learning. 
This  analysis  is  based  on  a  sample  of  ten  runs*  spaced  fairly  evenly  over  the 
3  days  of  firing.  In  two  of  the  runs  .30-cal  simplex  ammunition  was  used;  in 
four  .30-cal  duplex  ammunition  was  used;  in  two  .22-cal  duplex  ammunition 
was  used;  and  in  two  .30-cal  triplex  ammunition  was  used.  In  order  to  place 
all  these  runs  on  a  common  basis,  only  the  hit  probabilities  of  the  first  bullets 
from  the  salvo  ammunitions  were  considered.  Ricochets  were  removed  from 
the  analysis,  as  was  done  previously,  in  an  additional  attempt  to  make  the  runs 
more  comparable.  Using  these  data  the  hit  probability  was  correlated  with  run 
sequence,  shots,  hits,  and  temperature.  Only  the  run  sequence  and  the  number 
of  shots  fired  had  a  significant  correlation  with  the  hit  probability  (see  App  D). 
The  results  of  this  multiple  correlation  indicate  that  hit  probabilities  do 
increase  at  the  rate  of  about  0.3  percent  per  run.  In  addition  it  was  found  that 
the  hit  probability  is  negatively  correlated  with  rate  of  fire.  Hence  learning 
in  SALVO  n,  obscured  to  a  very  great  extent  by  weather  effects,  takes  the  form 
of  a  decreasing  rate  of  fire  with  an  attendant  increase  in  hit  probability.  This 
is  opposed  to  SALVO  I  where  learning  took  the  form  of  an  increasing  rate  of 
fire  and  a  stable  hit  probability. 

Target-System  Effects 

One  important  aspect  of  an  experiment  is  how  completely  the  variability 
in  the  results  can  be  accounted  for  by  the  identifiable  variables.  The  SALVO  II 
targets  were  characterized  by  five  variables;  (a)  exposure  time,  (b)  angular 
or  presented  area,  i.e.,  target  radius  divided  by  target  range,  (c)  movement 
i.e.,  stationary  or  moving,  (d)  target  size,  i.e.,  E  or  F  targets,  and  (e)  target 
concealment  or  percentage  of  target  visible.  Targets  firing  back  were  so 
confused  with  the  other  five  variables  that  they  were  not  considered.  The 
method  used  to  measure  the  relative  contribution  of  each  variable  was  a  mul¬ 
tiple  correlation  analysis  conducted  on  the  ORO  high- speed- computer  facilities. 

In  Table  16  partial  and  multiple  correlation  coefficients  show  the  sources 
rif  the  observed  variation  for  shots  fired  and  simplex  and  first-bullet  salvo  hits 
for  16  analyzed  runs.  Table  16  shows  the  strong  effect,  as  would  be  expected, 
of  exposure  time  on  shots  fired.  The  second  part  of  Table  16  shows  that  the 
five  variables  account  for  76  percent  of  the  variation  observed  in  shots  fired 
and  that  target-exposure  time  and  angular  or  presented  area  both  exerted  a 
strong  influence  on  hits.  Here,  as  would  be  expected,  the  residual  or  experi¬ 
mental  error  is  larger,  the  five  variables  accounting  for  55  percent  of  the 
observed  variation. 

The  analysis  showed  consistently  that  the  most  important  variables  in 
predicting  shots  fired  were  the  target-exposure  time  and  the  presented  angular 
area  of  the  target.  Moving  targets  attracted  significantly  more  shots  than  did 
the  stationary  targets.  In  terms  of  either  hits  or  casualties,  the  most  important 
variables  were  shots  fired  at  the  target  and  the  presented  angular  area  of  the 
targets  (see  Tables  D14  and  D15).  Moving  targets  significantly  decreased 
the  number  of  hits  or  casualties  obtained  with  simplex  animunition  or  with  the 
first  bullet  of  duplex  or  triplex  ammunition  (see  App  D).  The  latter  tend  to 
compensate  for  the  effect  of  movement  as  is  illustrated  in  Table  12. 

rn  runs  were  sclecte«i  since  all  ihe  runs  were  not  usable  in  this  analysis,  i.e.,  flerhrtle  anil 
.■J'.I-cal  simplex.  Four  runs  were  selected  on  the  first  day,  two  on  the  second,  and  four  on  the  third. 
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Table  16 

Sources  of  Variation  in  Shots  Fired  and  in  Simplex  and 
First- Bullet  Hit  I^ob abilities  per  T.arget 


Observed  independent 
variable 

Variance 

Partial 
coirelation 
coeffic  ients 

percentage 
of  variance 
remaining 

None 

Shots  Fired 

415.38 

None 

100.0 

Exposure  time 

Angular  area 

Movement 

102.89 

0.871 

24.2 

Target  size 

Percentage  of  target  visible 
Angular  area 

369.16 

0.334 

88.9 

Exposure  time 

140.72 

0.813 

33.9 

Movement 

381.79 

0.284 

91.9 

Target  size  (E  or  F) 

399.05 

-0.198 

96.1 

Percentage  of  visibility 

415.31 

-0.013 

100.0 

Simplex  and  First^Bullet  Hit  Probabilities 

None 

73.30 

None 

100.0 

Exposure  time 

Angular  area 

Movement 

33.84 

0.741 

45.1 

Target  size 

Percentage  of  target  visible 
Angular  area 

46.62 

0.604 

63.6 

Exposure  time 

44.71 

0.625 

61.0 

Movement 

73.30 

0.017 

iOO.O 

Target  size  (E  or  F) 

71.24 

-0.169 

97.2 

Percentage  of  visibility 

70.95 

0.180 

%.8 

The  regression  coefficients,  which  appear  in  the  prediction  equations, 
estimate  the  effect  of  a  particular  variable  without  any  correction  for  the 
effects  of  the  other  variables.  The  use  of  three  variables  (target  movement, 
target- exposure  time,  and  the  presented  angular  area  of  the  target)  to  a  very 
major  extent  predicts  the  number  of  shots  that  will  be  fired  on  any  target 
appearance.  K  two  additional  variables— target  size  and  degree  of  conceal¬ 
ment— are  added,  the  accuracy  of  the  predicted  value  increases  and  the  effects 
of  the  original  three  variables  become  more  clear.  With  the  use  of  five  var¬ 
iables,  the  equation  predicting  the  number  of  shots  fired  at  a  target  appearance 
becomes 


V  =  0.2", 


0.24\,  +  3.16X2  +  10.32X3  -  4.32X4  -  0.01X5* 


(1) 


*N<,t  sLitlstii'allv  .siKnificanI  at  0",  |>rrcent  confiiience  level  (see  Table  1)1.3). 
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where  Y  is  the  predicted  number  of  shots  for  10  men 

X,  is  the  presented  angle  of  the  target,  in  mils 

X2  is  the  target-exposure  time,  in  seconds 

X3  is  movement,  0  indicating  a  stationary  target  and  1  indicating  a 
moving  target 

X^  is  a  target  size,  0  indicating  an  F-type  target  and  1  indicating  an 
E-type  target 

Xj  is  the  percentage  of  the  target  face  that  is  visible 
The  prediction  equation  for  simplex  and  first-bullet  hits  is 

X  =  -8.94  +  0..30X,  +  l.lQXj  +  0.33X 3*  -  2. 19X^  +  O.O6X5  (2) 

A  practical  application  of  Eqs.  1  and  2  for  .30-cal  simplex  ammunition  is 
as  follows: 

Assume  that  a  2-mil,  6-sec,  stationary  E-type  target  (at  about  a  200-yd 
range)  is  100  percent  visible.  From  Eq.  1,  the  expected  number  of  shots  by 
10  men  at  this  target  is  14.17.  From  Eq.  2  the  expected  number  of  hits  is 
2.16,  a  hit  probability  of  about  18  percent.  Now  make  some  arbitrary  changes 
in  the  target.  If  the  target  size  is  increased  to  4  mils,  keeping  all  its  other 
characteristics  constant,  the  expected  number  of  shots  goes  to  8.33  and  expected 
hits  to  0.83,  or  a  hit  probability  of  10  percent.  If  the  original  target  is  used 
with  an  8-sec  exposure  time  and  all  other  factors  remain  as  .stated,  expected 
shots  go  to  20.49  and  hits  to  4.99,  or  a  hit  probability  of  24  percent.  On  the 
other  hand  if  the  same  target  is  moving,  expected  shots  are  24.49,  hits  are 
2.94.  Thus  hit  probability  for  the  stationary  target  is  about  18  percent  and  for 
the  moving  target  about  12  percent. 

These  illustrations  of  the  use  of  the  prediction  equations  indicate  the 
applicability  of  SALVO  II  data  to  other  possible  target  systems.  The  main 
restrictions  on  their  use  is  that  they  tend  to  break  down  at,  and  will  not  extend 
beyond,  the  extreme  conditions  examined  in  the  SALVO  11  experiment.  It  is 
noted  that  in  the  case  of  targets  having  very  short  exposure  times  and  very 
small  mil  sizes  a  negative  number  of  hits  is  predicted.  This  illogical  result 
is  simply  the  effect  of  simulating  the  distribution  with  a  straight  line. 


DISCUSSION  OF  RESULTS 

The  major  contributions  of  the  SALVO  II  experiment  are  (a)  to  further 
confirm  the  predicted  utility  of  duplex  ammunition  in  combat  rifle  fire;  (b)  to 
indicate  that  duplex  ammunition  is  ready  for  user  test  and  adoption;  and  (c)  to 
further  validate  the  general  salvo  theory  for  duplex,  triplex,  and  multiple 
flechette  ammunition.  It  is  interesting  to  examine  the  spectrum  of  results 
that  were  obtained  in  the  ORO  SALVO  I  and  n  experiments  and  the  Infantry 
Board  test  of  NATO  duplex  ammunition.  Table  17  shows  these  results. 


* 


Not  statistic.-illy  significant 


at  9.5  percent  confi<lence  level  (see  Table  1)1.5). 
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Table  17  illustrates  the  relation  between  hit  probability  or  accuracy  and 
gain  through  the  use  of  duplex  ammunition.  The  lower  the  accuracy  the  greater 
the  gain.  The  major  question  concerns  the  nature  of  combat  rifle  fire,  i.e.,  its 
accuracy  or  hit  probability.  The  SALVO  I  report'  attempted  to  relate  effec  ¬ 
tiveness  gain  measured  under  experimental  conditions  to  combat  fire.  Its 
conclusion  was  that  a  conservative  estimate  of  over-all  gain  from  the  use  of 
duplex  ammunition  in  combat  would  be  60  percent.  A  further  ORO  study'® 
indicates  that  combat  accuracies  approximate  those  observed  in  SALVO  I 
night  firing,  i.e.,  hit  probabilities  of  about  5  percent.  Hence  a  60  percent 
gain  is  indeed  a  conservative  estimate.  The  SALVO  II  experiment  furnishes 
further  basic  and  confirmatory  data  on  which  the  SALVO  I  reasoning  rests. 


Tablk  17 

J^UMMARY  OF  DtIPLKX  AMMUNITION  RKSUI.TS:  .SAl.VO  I  ANIl  II  AND 
Infantry  Hoard  I-'xpkrimknts 


Flxperimcnt  an<l  firing 
condition 

Accuracy 
(simplex  hit 
probability),  % 

Relative  duplex  ammunition 
casualty  gain 

(duplex-siniplex/siniplex),  % 

Infantry  Uoard 

Iransition  seniiaiitomalic 

64 

9“ 

THAINFIHK 

54 

10“ 

SAl.VO  1 

Day  sitting 

19 

48 

Day  stan<ling 

15 

49 

Night  sitting 

6 

69 

SAl.VO  II,  (lay  prone 

28 

.12 

“In  Uefs  12  tuid  1.1  tarf'ct  hits  only  iirc  reported.  However,  the  Infantry  Hoard 
kindly  furnished  detailed  <lata  from  whieh  casualty  Kain  was  computed. 


One  factor  not  recognized  in  SALVO  I  and  not  previously  recognized  as 
being  significant  in  combat  rifle  effectiveness  was  isolated  in  the  SALVO  II 
experiment— the  importance  of  the  ricochet  characteristics  of  ammunitions. 
The  best  example  of  this  is  the  difference  in  hits  of  .22-cal  duplex  ammunition 
compared  with  .30-cal  duplex  ammunition.  Here  a  difference  in  total  hits 
recorded  of  almost  10  percent  is  due  directly  to  the  superior  ricochet  char¬ 
acteristics  of  .22-cal  duplex  ammunition.  This  particular  effect  is  worthy  of 
further  study.  SALVO  II  ricochet  data  are  limited  in  their  application  since 
they  were  derived  from  the  soil  condition.s  of  Ft  Benning  and  do  not  include 
lethality  considerations.  If  it  is  found  to  be  an  effect  that  occurs  under  most 
conditions  of  combat  rifle  fire,  it  may  be  well  worth  while  modifying  .30-cal 
duplex  or  7.62-mm  NATO  duplex  ammunition  for  improved  ricochet  charac¬ 
teristics. 

With  respect  to  ricochets,  a  question  was  answered  concerning  the 
precision  of  the  salvo  ammunitions.  The  smaller  number  of  first-bullet  hits, 
as  compared  with  simplex  hits,  noted  both  in  the  SALVO  II  raw  data  and  in 
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Infantry  Board  tests  had  led  to  the  tentative  conclusion  that  somehow  the  salvo 
ammunitions  were  to  a  major  extent  ballisUcally  less  precise.  This  conclusion 
was  shown  to  be  false,  and  what  actually  was  observed  was  a  smaller  number 
of  ricochet  hits  on  the  part  of  the  .30-cal  duplex  ammunition.  For  triplex  am¬ 
munition  this  effect  was  also  found.  Although  a  statistical  difference  cannot  be 
substantiated,  .30-cal  triplex  first  bullets  do  appear  to  reflect  less  ballistic 
precision. 

In  respect  to  the  suitability  of  duplex  ammunition  the  Infantry  Board 
tests”’*^  indicate  that  there  is  little  difference  between  .30-cal  duplex  and 
7.62-mm  NATO  duplex  ammunition.  On  the  basis  of  the  SALVO  II  experiment 
and  these  tests  it  is  concluded  that  either  ammunition  is  suitable  for  adoption 
for  combat  use. 

In  relation  to  the  confirmation  of  the  salvo  theory,  the  triplex  results  and 
moving-target  data  are  of  great  importance.  In  the  case  of  moving  targets, 
where  aiming  error  is  greater,  the  gains  from  the  salvo  ammunitions  are 
correspondingly  larger.  This  is  also  very  well  demonstrated  in  the  multiple- 
correlation  analysis.  The  over-all  predicted  gain  of  triplex  ammunition  in 
SALVO  II  is  less  than  that  for  duplex  ammunition.  However,  in  situations 
where  the  aiming  error  is  larger  than  that  in  SALVO  II,  and  these  situations 
constitute  the  very  large  majority  of  combat  situations,  predicted  triplex 
ammunition  casualty  gain  would  be  much  higher  than  that  using  duplex  ammu¬ 
nition.  The  SALVO  II  experiment  confirms  both  these  predictions.  Triplex 
ammunition  actually  did  achieve  a  lower  over-all  casualty  gain.  However, 
for  the  SALVO  II  firers  having  poorer  accuracy,  it  was  found  that  gain  from 
triplex  ammunition  was  on  the  average  higher  than  that  for  duplex  ammunition. 
This  finding  has  implications  for  the  future  ammunition-development  program. 
The  triplex  ammunition  used  in  the  experime.it  has  inherent  disadvantages. 

The  major  one  is  that  in  a  conventional  design  the  triplex  bullet  becomes  too 
small  and  has  too  low  a  velocity— hence  its  failure  to  penetrate  helmets  beyond 
200  yd.  If  there  were  no  further  competetive  alternatives,  further  development 
of  triplex  ammunition  would  be  justified.  However,  there  are  new  developments 
that  promise  the  same  type  of  increase  in  effectiveness  but  with  few  of  the 
inherent  disadvantages.  These  are  the  various  flechette  configurations. 

The  implication  of  the  triplex  results  for  current  flechette  developments 
is  that  to  achieve  any  real  increase  in  effectiviness  in  the  fire  fight,  i.e.,  in 
the  period  of  intense  fire  with  many  targets,  flechettes  must  be  fired  in  a 
salvo  pattern.  The  development  of  flechettes  for  small  arms,  which  are  fired 
singly  (not  in  bursts)  in  the  same  way  that  .30-cal  simplex  ammunition  is  now 
fired,  will  achieve  a  substantial  saving  in  weight.  Radical  increases  in  hit 
probability  are  not,  however,  to  be  expected  from  single  flechettes.  It  is 
obvious  that  if  a  real  increase  in  effectiveness  is  to  be  achieved  development 
of  flechettes  must  have  as  its  primary  goal  the  achievement  of  a  salvo  pattern 
either  by  an  effective  controlled  burst  or  by  simultaneous  discharge  of  a  bundle 
of  flechettes. 

The  disappointing  aspects  of  the  SALVO  II  experiments  were  the  failure 
of  .22-cal  simplex  and  the  shotgun  flechette  ammunitions.  The  former  was  of 
minor  importance  but  did  represent  a  supplementary  control  on  the  experiment 
results.  The  llechette  failure,  however,  has  assumed  the  proportions  of  a  minor 


36 


ORO-T-397 


CONFIDENTIAL 


CONFIDENTIAL 


tragedy.  Considering  the  problems  of  design  in  an  ammunition  of  this  type  and 
the  development  funds  that  had  been  allotted  to  the  fabricate  of  this  ammunition, 
a  failure  of  the  type  encountered  in  SALVO  II  is  not  surprising.  The  ostensible 
risk  involved  in  including  the  ammunition  in  the  SALVO  II  experiment  was 
merely  that  of  the  cost  of  procurement— a  relatively  small  sum.  The  actual 
risk,  as  it  turned  out,  was  deemphasis  of  the  development  of  multiple -launched 
flechettes.  This  was  considered  to  be  an  unwarranted  and  unwise  decision, 
particularly  in  the  light  of  the  triplex  results  above,  since  multiple  launch  was 
one  of  the  most  promising  methods  of  achieving  a  flechette  salvo  pattern. 

The  differences  in  rate  of  fire  in  SALVO  II  vs  SALVO  I  indicate  that 
TRAINFIRE  training  apparently  increased  the  rate  of  fire  without  decreasing 
firer  accuracy.  The  SALVO  II  firers  fired  about  one-third  faster  and  got  one- 
third  more  total  hits.  The  increase  came  both  from  faster  target  identification 
and  from  iess  time  taken  to  reaim  and  refire. 

The  over-aii  aiming  error  on  SALVO  II  for  .30-caI  simplex  ammunition 
was  2.8  miis,  rising  to  3.3  mils  when  ricochet  hits  were  excluded.  This  was 
considered  to  be  an  upper  bound  on  accuracy  in  combat  rifle  fire.  It  differs 
markediy  with  the  accuracy  that  is  standard  on  both  the  known-distance  and 
TRAINFIRE  courses  (1  to  2  mils).  The  indication  here  is  that  although  these 
courses  may  be  excellent  training  devices  the  accuracies  achieved  on  them 
are  not  appropriate  for  use  as  parameters  in  weapon  design. 

As  for  the  target  system  and  learning  effects,  certain  differences 
between  SALVO  I  and  SALVO  II  were  observed  and  other  areas  of  uncertainty 
clarified.  Learning  in  SALVO  II,  as  far  as  it  was  observable,  took  the  form 
of  a  decrease  in  rate  of  fire  and  an  increase  in  hit  probability.  Multiple  corre¬ 
lation  aiso  shows  the  overwhelming  effect  of  angular  target  size,  exposure 
time,  and  to  a  lesser  extent  movement. 


ORO-T-397 


CONFIDENTIAL 


CONFIDENTIAL 


Appendix  A 
PRRSONNFL 


DISCUSSION 

TARLF. 

Al.  Training  and  Kxperience  for  SALVO  II  Test  Subjects 
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DISCUSSION 

The  test  subjects  on  the  SALVO  11  experiment  were  all  recent  graduates 
of  basic  training.  They  arrived  at  Ft  Benning,  Ga.,  on  13  Sep  57  after  less  than 
a  week  in  the  Army  and  were  assigned  to  Human  Research  Unit  3  of  the  Human 
Resources  Research  Office  (HumRRO)  for  their  basic  training.  In  the  course 
of  this  training  they  were  given  the  standard  TRAINFIRE  1  exercise,  and  in 
addition  most  of  them  were  given  experimental  training  called  Patrol  11  and 
Moonlight  XII.  These  experimental  training  procedures  were  designed  to  give 
the  soldier  squad  training  and  also  experience  in  seeing  targets  and  rapidly 
taking  them  under  fire.  The  troops  had  fired  over  750  rounds  apiece  witfi  the 
Ml  rifle— 536  rounds  in  TRAINFIRE  1,  approximately  200  rounds  in  Patrol  11, 
depending  on  rapidity  of  fire,  and  24  rounds  in  Moonlight  XII.  A  summary  of 
their  training  and  marksmanship  and  Army  General  Classification  Test  (AGCT) 
scores  is  given  in  Table  Al.  In  addition  this  table  shows  the  previous  experi¬ 
ence  of  the  men  in  target  shooting  or  hunting  as  determined  from  interviews* 

Xh6  xn6n  wGr6  spp3.r6ntly  W6il  iTiQtiv2,t6dj  th6y  v/6rG  used  to  bGing  subjscts 
in  experiments  and  were  very  cooperative.  They  had  been  test  troops  and  con¬ 
sequently  were  presumably  somewhat  better  motivated  and  more  familiar  with 
experiments  than  their  degree  of  training  and  marksmanship  qualifications  alone 
would  imply.  There  was  no  evidence  throughout  the  experiment,  either  as  shown 
on  the  firing  line  or  in  the  debriefings  that  were  given  after  each  run,  that  any 
were  not  trying  or  were  uncooperative.  All  the  men  were  in  excellent  physical 
condition. 

Two  10-man  squads  were  picked  to  be  as  comparable  as  possible:  squad  A 
consisted  of  1  expert  rifleman,  4  sharpshooters,  and  5  marksmen;  squad  B  con¬ 
sisted  of  2  experts,  3  sharpshooters,  and  5  marksmen-  This  distribution 
approximated  that  found  in  the  basic  training  unit.  As  a  precaution  four  other 
men  were  kept  as  reserves;  however,  it  was  not  necessary  to  use  any  of  them. 
On  the  TRAINFIRE  I  record  firing,  the  median  score  for  squad  A  was  55  and 
for  squad  B,  53;  the  median  AGCT  scores  were  100  and  99.5,  respectively. 

Based  on  more  than  800  TRAINFIRE  cases  the  percentage  of  men  in  each 
marksmanship  category  was  unqualified,  0.5;  marksman,  21.0;  sharpshooter, 
51.0;  and  expert,  27.5.  For  20  men  this  resulted  in  percentages  of  0,  4,  10, 
and  6  respectively.  The  troops  used  in  the  SALVO  11  test  were  not  as  good  in 
their  TRAINFIRE  1  record  firing  (0,  10,  7  and  5  percent)  as  the  troops  pre¬ 
viously  assigned  to  the  Human  Research  Unit  on  which  these  percentages  were 
based. 

After  the  first  run  each  man  was  interviewed  individually;  subsequently 
the  men  were  interviewed  together  in  their  squad.  They  were  asked  specific 
questions  and  also  invited  to  make  any  comments  on  any  features  that  seemed 
relevant  to  the  experiment.  As  the  men  became  used  to  the  experiment,  their 
subjective  reactions  altered  and  consequently  the  initial  report  may  lie  mis¬ 
leading.  For  example,  the  men  were  required  to  run  for  5  min  preceding  the 
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firing  and  they  tended  to  be  puffing  and  blowing;  their  first  report  stressed  the 
undesirability  of  this  stage  for  careful  firing,  but  subsequently,  as  they  fired 
in  colder  weather,  they  felt  that  the  running  warmed  them  and,  if  anything,  im¬ 
proved  their  performance. 


Tahi.k  A1 

'I’HAINING  AND  KxPKRIENCK  FOR  SAl.VO  ||  TF.ST  SUBJKCT.S 


Kirer 

THAiNKiilK  1 

qua!  ification 
score  “ 

AGCT 

score 

patrol  ii 
training^ 

Moonlight  \il 
training^ 

IVevious 

shooting 

experience*^ 

Squ.ad  A® 

1 

83 

97 

c 

DOD 

Ii 

2 

67 

96 

K 

noA 

ii 

3 

61 

124 

C 

bOD 

None 

4 

62 

96 

E 

DOA 

ii 

5 

57 

120 

E 

DOA 

None 

6 

53 

131 

C 

DOA 

s 

7 

53 

97 

E 

DOD 

None 

8 

51 

no 

None 

DOA 

8 

9 

51 

103 

None 

None 

ii 

10 

41 

93 

None 

BOA 

L 

Squad  B® 

1 

79 

87 

c 

DOD 

S 

2 

72 

81 

c 

non 

!! 

3 

60 

101 

None 

None 

ii,S 

4 

61 

76 

c 

DOD 

L 

5 

54 

117 

c 

DOA 

ii 

6 

52 

no 

E 

DOD 

None 

7 

51 

95 

C 

DOD 

None 

8 

51 

117 

E 

1X)D 

None 

9 

46 

98 

None 

DOD 

1, 

10 

41 

117 

C 

1X)D 

s 

“Unqualified 

1,  35  and  below;  mark 

sman,  36  to  53;  sharpshooter 

,  54  to  57;  expert, 

58  or  more. 

*^1)00,  double  orientation  on  defense;  DOA,  double  orientation  on  assault. 

‘^11,  much  hunting  prior  to  service;  L,  some  hunting  prior  to  service;  S,  much  target  shooting  prior 
to  service;  s,  some  target  shooting  prior  to  service. 

*F’irers  A3.  B6,  138,  139,  and  1310  wore  glasses.  The  others  had  normal  uncorrected  vision. 


The  most  important  conclusion  that  can  be  drawn  from  the  report  of  the 
men  is  how  little  they  felt  their  accuracy  was  affected  by  the  experimental 
stresses.  Questions  on  fatigue  effect  of  electric  shock,  battle  noise,  and  ex¬ 
plosions  in  the  area  all  tended  to  elicit  the  same  reaction:  the  men  were  not 
even  aware  of  these  stresses  most  of  the  time.  The  low  temperature,  snow, 
and  rain  did,  in  their  opinion,  adversely  affect  their  scores,  and  they  also  com¬ 
plained  about  the  heavy  recoil  of  the  shotgun.  As  the  experiment  went  on,  the 
weight  of  the  weapons  was  a 'source  of  comment. 

The  following  are  the  reported  reactions: 

(a)  Did  the  running  affect  your  performance  ? 

Initial  reaction  (temperature  and  wind  less  cooling  than  later):  tired- 
no  effect,  25  percent;  not  tired,  50  percent;  tired— some  effect,  25  percent. 
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Subsequent  reactions  were  almost  100  percent  in  favor  of  running  to  keep 
warm. 

(b)  Did  the  shock  on  the  leg  or  fear  of  it  affect  your  performance? 

Initial  reaction:  shock  affected  performance,  5  percent;  fear  of  shock 
affected  performance,  5  percent;  no  effect  from  shock  or  anticipation,  90  percent. 

Subsequent  reactions  even  further  degraded  the  effect  of  shock  on  the  leg. 

An  initial  problem  of  shock  from  the  triggers  of  three  rifles  had  no  effect. 

(c)  Did  the  battle  noise  or  demolitions  in  the  field  affect  your  performance? 

Initial  reaction:  some  small  distraction,  50  percent;  no  effect,  50  percent. 

Subsequent  reactions  did  not  report  degradation. 

(d)  Did  the  small  explosions  right  next  to  the  firing  line  have  any  effect? 

Initial  and  subsequent  reactions;  not  aware  of  them,  100  percent. 

(e)  Did  the  recoil  have  any  effect? 

Initial  reaction  to  the  different  rifles  and  ammunition:  no  different  than 
what  used  to,  90  percent;  duplex  and  triplex  ammunition  slowed  rate  of  aimed 
fire,  10  percent. 

Subsequent  reactions  indicated  that  the  men  felt  that  all  the  rifles  had 
approximately  the  same  degree  of  recoil,  although  the  shotgun  was  very  differ¬ 
ent  from  the  rifles  and,  as  mentioned,  all  complained  about  the  heavy  recoil. 

One  man  stated  that  he  flinched.  All  had  somewhat  sore  shoulders  from  the 
shotgun.  It  is  of  interest  to  note  that  the  feeling  that  the  salvo  rounds  slowed 
the  rate  of  fire  is  not  borne  out  by  the  actual  results. 

(f)  Did  the  cold  have  any  effect  on  your  performance? 

Initial  reaction:  no  effect,  10  percent;  effect  on  loading  only,  50  percent; 
effect  on  loading  and  squeezing,  5  percent;  uncertain  or  didn’t  think  of  it,  25 
percent. 

Subsequent  reactions  depended  very  much  on  the  state  of  the  weather. 

In  general  loading  was  affected,  but  squeezing  was  affected  only  when  the  men 
were  shivering.  Most- of  the  men  wore  gloves  on  the  hand  that  supports  the 
rifle  but  not  on  the  loading  hand.  Questions  were  asked  concerning  the  target 
system  in  order  to  determine  whether  the  men  were  seeing  all  the  targets 
from  their  positions,  the  effects  of  camouflage,  and  whether  they  reacted  fast 
enough  to  fire  at  those  targets  that  were  up  for  only  a  short  time.  In  general 
they  could  see  all  targets  and  reacted  to  them.  Since  an  objective  record  of 
their  trigger  pulls  is  available,  no  summary  of  their  subjective  impressions 
is  given.  An  attempt  was  made  to  get  their  reaction  to  the  target  system;  the 
most  common  report  was  that  they  couldn’t  tell  whether  they  were  hitting  the 
targets  because  they  stayed  up  and  also  because  the  dust  from  other  firers’ 
bullets  made  their  own  point  of  impact  difficult  to  discern.  This  reaction 
apparently  persisted.  Another  recurring  source  of  complaint  dealt  with  the 
bank  from  which  they  fired;  all  the  men  at  least  once  complained  of  tiredness 
in  the  arm  that  held  the  rifle.  They  felt  that  firing  from  a  foxhole  would  have 
permitted  them  to  get  a  better  score. 

The  subjective  reaction  of  the  firers  to  the  weapons  and  ammunition  was 
explored  with  mixed  results.  Before  the  experiment  was  about  halfway  through 
they  preferred  the  .22-cal  duplex  ammunition  to  the  other  rounds;  later  they 
stated  that  they  preferred  .30-cal  to  .22-cal  ammunition  and  simplex  to  duplex 
ammunition.  Probably  the  scores  of  the  different  weapon-ammunition  combina¬ 
tions  that  were  posted  on  the  trailer  influenced  their  reactions,  and  the  relief 
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of  firing  the  rifle  after  the  shotgun  also  influenced  them.  Some  of  their  stated 
reasons,  e.g.,  that  the  .22-cal  duplex  seems  “to  leave  the  weapon  smoother 
than  the  .22-cal  simplex,”  are  difficult  to  understand.  The  major  conclusion 
is  that  there  is  almost  no  difference  in  the  rifles  with  respect  to  the  individual’s 
feeling  but  that  the  reported  differences  are  the  product  of  extraneous  factors. 
One  possible  cogent  point  was  made  comparing  duplex  with  simplex  loads; 
it  is  easier  to  tell  where  one’s  bullets  are  going  with  the  simplex  than  it  is 
with  the  duplex. 

All  the  men  were  dissatisfied  with  the  shotgun.  Fourteen  had  fired  shot¬ 
guns  before. 

During  the  test  it  became  clear  that  the  .22-cal  duplex  ammunition  was 
recording  hi^er  scores  than  any  other  weapon-ammunition  combination,  and 
an  attempt  was  made  to  determine  whether  there  were  any  subjective  reasons 
for  this.  Only  10  percent  of  the  firers  reported  any  difference  in  recoil,  and 
this  was  felt  to  be  minor.  The  men  were  unable  to  give  any  reason  for  the 
better  performance  of  the  .22-cal  duplex  ammunition.  The  effects  of  the 
factors  in  Table  A1  are  discussed  in  the  main  body  of  this  memorandum. 
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WEAPONS 

The  weapons  used  in  the  SALVO  II  test  were; 

(a)  Standard  Ml  rifle  firing  .30-cal  simplex  fM2  ball  and  armor-piercing 
(AP)|  and  duplex  ammunition. 

(b)  Ml  rifle  with  specially  rifled  barrel  for  firing  .30-cal  triplex 
ammunition. 

(c)  Ml  rifle  with  .22-cal  barrel. 

(d)  Ml  rifle  with  .22-cal  barrel  modified  to  accept  .22-cal  longneck 
duplex  cartridges. 

(e)  Remington  Model  11-48A  shotgun  with  four  stiffening  ribs  on  the 
barrel  and  an  aperture  sight. 

Table  lists  the  characteristics  of  the  various  versions  of  the  Ml 

and  the  shotgun  used  in  SALVO  H.  All  weapons  were  supplied  by  Springfield 
Armory. 


Table  R1 

CllAHACTERI.SnCS  OF  SAI.VO  II  TF.ST  \\TAP0NS18,1T 


Chnractcristic 

We  apon 

Ml 

Ml  (triplex) 

Ml  (.22-cal 
simplex) 

Ml  (.22- cal 
duplex) 

Shotgun 

Grooves 

4 

4 

4 

5 

Smooth 

[(ifling  twist 

1/10 

1/20 

1/9.68 

1/14 

None 

Weight,  Ib 

9.6 

9.6 

9.6 

9.6 

9 

Clip  or  magazine 

8  rds 

8  rds 

8  rds 

8  rds 

4  rds  in  mugazin 

capacity 

1  rd  in  chambci 

The  standard  and  modified  Ml’s  were  tested  for  dispersion  at  D&PS,  APG, 
and  all  proved  to  be  comparable  to  standard-issue  Ml  rifles  under  test  condi¬ 
tions  (bench  rest  at  an  average  rate  of  2  rounds/5  min).  Owing  to  unexpected 
results  in  the  experiment,  the  weapons  were  retested  by  D&PS  under  rapid-fire 
conditions  (bench  rest  at  10  rounds/min),  and  the  .22-cal  simplex  rifle-ammunition 
combination  proved  to  have  radically  higher  dispersion  than  any  of  the  other  rifle- 
ammunition  combinations. 

No  particular  differences  were  observed  in  the  operation  of  any  of  the 
versions  of  the  Ml.  In  contrast  to  SALVO  I,  malfunctions  were  not  a  serious 
problem;  there  were  only  20  minor  rifle  malfunctions  during  the  experiment 
in  which  about  13,000  rounds  were  fired.  Some  small  differences  were  ob¬ 
served  in  the  recoil  of  the  weapons,  but  this  is  more  properly  a  function  of 
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the  ammunition  and  is  discussed  in  that  section.  All  weapon-ammunition 
combinations  except  the  shotgun  were  zeroed  individually,  and  each  firer  used 
the  same  set  of  weapons  throughout  the  test. 

In  contrast  to  Ml  operation^  malfunctions  were  numerous  in  the  shotguns. 
Most  were  feed  or  ejection  failures,  which  may  have  been  due  to  modification 
of  either  the  barrel  (stiffening  ribs  were  added,  which  increased  the  weight  to 
be  moved  rearward  by  the  recoil -ope rated  action)  or  the  chamber  (a  straight 
shoulder  at  the  forward  end  replaced  the  usual  tapered  forcing  cone).  The 
frequency  of  malfunctions  precluded  the  use  of  the  shotgun  magazine,  a  problem 
further  compounded  by  the  25  to  30°  F  temperature  that  made  single  loading 
very  difficult.  It  was  also  apparent  that  the  “pointing”  type  of  stock  of  the 
shotgun  made  it  more  difficult  to  fire  from  the  modified  prone  position  than 
the  Ml. 

AMMUNITION 

The  special  ammunitions  developed  for  the  test  were: 

(a)  .30-cal  duplex  (controlled-dispersion  type),  which  differed  from  that 
used  in  SALVO  I  in  that  it  used  a  case  of  standard  dimensions  that  fit  the 
standard  Ml  chamber. 

(b)  .30-cal  triplex  (random-dispersion  type),  which  also  used  a  case  of 
standard  dimensions. 

(c)  .22-cal  simplex. 

(d)  .22-cal  duplex  (controlled-dispersion  type)  in  necked-down  .30-cal 
cartridge. 

(e)  12-gage-flechette  shotgun  ammunition  containing  32  fin-stabilized 
steel  darts  1.25  in.  long. 

(f)  .30-cal  simplex  (M2  ball  and  AP)  ammunition  was  used  for  purposes 
of  comparison  with  the  above  ammunitions. 

The  ammunitions  are  shown  in  Fig.  1,  and  Table  lists  ballistics 

data.  Table  B3  gives  average  weapon-system  accuracies,  and  helmet- 
penetration  data  are  given  in  Table  B4. 


Tahi,k  B4 

llKI.MKT  PKNKTRATIONX 


Ammunition 

Marginal-penetration 
range»  yd 

.SO-cal  simplex  (M2  ball) 

,soo 

.30-cul  duplex 

400 

.30"cal  triplex 

200 

.22-cal  duplex 

400 

.22-cal  simplex 

900 

12--gage  32  flechelte 

200 
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Following  is  a  discussion  of  the  observations  of  ammunition  behavior 
during  the  experiment. 

■  30 -cal  Simplex  (M2  Ball).  This  ammunition  functioned  satisfactorily 
throughout  the  experiment. 

.30-cal  Simplex  (M2  AP).  This  ammunition  was  erroneously  delivered 
to  the  experiment  site  and  was  used  to  avoid  a  delay  in  the  test  program.  It 
was  used  on  runs  11  and  12  and  functioned  satisfactorily,  although  it  caused 
more  electronic  target  malfunctions  owing  to  breakup  of  the  jacket  on  impact. 

.30-cai  Duplex  (Controlled  Dispersion).  The  major  way  in  which  this 
ammunition  differed  from  that  used  in  SALVO  I  was  that  it  was  contained  in 
a  standard  .30-cal  M2  cartridge  case.  Figure  1  in  the  main  body  shows  that 
the  second  bullet  is  seated  in  the  powder  and  that  no  modifications  of  the  rifle 
chamber  are  necessary.  This  ammunition  functioned  satisfactorily  througliout 
the  experiment. 

When  it  was  determined  that  the  first  bullet  of  the  duplex  ammunition 
achieved  significantly  fewer  hits  at  the  zeroing  range  than  the  simplex  ammu¬ 
nition,  the  whole  problem  of  ballistic  accuracy  was  reexamined.  Postulating 
that  perhaps  some  effect  similar  to  that  caused  by  barrel  heat  in  the  .22~cal 
simplex  was  to  blame,  Springfield  Armory  retested  the  duplex  ammunition. 

It  was  shot  by  expert  firers  using  the  SALVO  II  rifles  at  the  same  late  of  fire 
that  occurred  in  the  SALVO  II  experiment.  The  results  of  this  test  were  nega¬ 
tive  in  that  they  showed:  (a)  although  dispersions  became  sli^tly  larger  for 
the  first  bullet  of  the  duplex  ammunition  when  the  weapon  was  heated,  it  was 
not  a  large  enough  increase  to  explain  the  lower  number  of  hits  achieved,  and 
(b)  although  the  center  of  impact  for  duplex  ammunition  shifted  down  in  a  hot 
weapon,  an  effect  of  the  same  magnitude  was  observed  in  simplex  firing.  These 
results  were  obtained  informally  from  the  Springfield  Armory, 

.30-cal  Triplex  (Random  Dispersion).  This  ammunition  is  much  like  that 
fired  in  SALVO  I  (which  is  described  in  detail  in  ORO-T-378^)  but  lacks  the 
long-necked  case.  It  functioned  satisfactorily  throughout  the  experiment. 

.22-cal  Simplex.  Because  of  the  higher  velocity,  flatter  trajectory,  and 
lower  recoil  for  this  ammunition,  it  was  expected  to  record  more  target  hits 
than  .30-cal  simplex  (M2  ball).  In  addition  Mann-barrel  and  limited  weapon 
firings  indicated  a  relatively  high  ballistic  accuracy  for  the  ammunition -weapon 
system.  As  a  result  there  was  considerable  consternation  and  surprise  when 
it  was  observed  that  the  .22-cal  ball  ammunition  achieved  scores  much  lower 
than  .30-cal  ball  ammunition.  During  the  experiment  the  conditions  under 
which  this  ammunition  was  fired  were  carefully  examined  and  ascertained  to 
be  very  similar  to  tlje  conditions  under  which  the  otliei’  ammuiiitions  were 
fired.  There  seemed  to  be  no  reason  attributable  to  the  experiment  itself  that 
would  explain  the  relatively  poor  showing  of  the  .22-cal  simplex  round.  Con¬ 
sequently  after  completion  of  the  SALVO  field  test  ORO  requested  that  this 
ammunition  be  rechecked  by  D&PS,  APG  for  ballistic  accuracy  at  a  rate  of  fire 
comparable  to  that  of  the  SALVO  II  experiment. 

Although  only  one  of  the  test  weapons  was  subjected  to  a  rate  of  fire 
approaching  that  of  the  field  experiment,  the  results  of  these  tests  offer  the 
likely  explanation  for  the  anomalous  experimental  data.  Dispersion  appeared 
to  increase  as  the  temperature  of  the  barrel  increased.  The  single  weapon 
subjected  to  a  satisfactory  rechecking  produced  a  100-yd  10-round  group 
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having  a  mean  radius  of  1.5  in.,  which  represents  a  a  of  0.3  mil  (about  aver¬ 
age  for  new  .30-cal  Ml  rifles)  when  fired  at  a  rate  of  1  round/2  min.  When 
the  firing  rate  was  increased  to  10  rounds/10  min,  the  mean  radius  increased 
to  8.7  in.,  a  a  of  1.9  mil.  An  increase  to  10  rounds/5  min  resulted  in  one 
round  missing  the  8-  by  8-ft  target,  and  a  further  increase  to  50  rounds/7  min 
resulted  in  2  rounds  missing  the  target.  Two  of  the  remaining  rifles,  which 
were  not  rechecked  as  intensely,  failed  in  two  instances  each  to  keep  all  rounds 
on  the  target  when  fired  at  a  rate  of  lO-rounds/lO  min.  A  considerable 
variation  among  weapons  was  observed  under  similar  rates  of  fire,  possibly 
caused  by  a  change  in  condition  of  the  bore.  It  was  observed  that  the  chromium 
plating  had  separated  from  the  bore  at  several  points  on  these  rifles,  and,  al¬ 
though  the  affected  areas  were  small,  this  appeared  to  be  sufficient  to  affect 
dispersion.  The  ammunition  performed  well  in  Mann-barrel  firings,  yielding 
an  average  mean  radius  of  0.5  in.  and  an  average  extreme  spread  of  1.5  in. 

The  bullet  jackets  were  quite  fragile  and  may  have  tended  to  break  up  in  flight 
when  fired  at  high  velocities  from  rough  bores  that  were  not  uniform  in  diameter. 

The  ballistic  errors  observed  in  the  .22-cal  weapon-ammunition  combina¬ 
tion,  when  compared  with  those  of  the  other  weapon-ammunition  accuracies, 
appear  definitely  large  enough  to  explain  its  poor  showing. 

This  ammunition  also  had  seven  failures  to  extract  because  of  .sheared 
cartridge  rims. 

.22-cal  Duplex.  In  construction  and  muzzle  velocity  this  ammunition  is 
very  similar  to  the  .30-cal  duplex  ammunition  used  in  SALYO  I  >  Scliii  employ 
the  long-necked  cartridge  and  a  special  long  chamber.  The  main  difference 
in  the  SALVO  I  and  II  .30-cai  duplex  ammunition  and  the  SALVO  II  .22-cal 
duplex  is  in  the  weight  and  velocity  of  the  bullets.  This  ammunition  functioned 
satisfactorily  throughout  the  test. 

12 -gage  32-FlechetteCartriage.  This  ammunition  was  essentially  the 
same  as  the  flechettes  fired  in  SALVO  I.  The  minor  changes  were:  (a)  the 
1.25-in.  flechettes  were  given  a  bronze  coating;  (b)  they  were  observed  to  be 
very  slightly  longer  (approximately  0.02  in.)  than  those  used  in  the  SALVO  I 
round;  (c)  the  front  closure  was  made  of  a  light  and  very  frangible  material 
in  contrast  to  the  rather  tough  plastic  closure  used  in  the  SALVO  I  round;  and 
(d)  the  four  sabots  holding  the  flechettes  in  a  uniform  pattern  were  made  of 
molded  plastic  rather  than  a  milled  fiber  material.  The  following  observations 
concerning  the  ammunition  were  made  in  the  field: 

(a)  The  frangible  closure  disc  was  broken  on  many  of  the  rounds  of  am¬ 
munition,  presumably  from  rough  handling  during  shipping.  To  eliminate  pos¬ 
sible  erratic  behavior  from  this  source,  ammunition  was  sorted  and  only  un¬ 
broken  rounds  were  fired.  It  was  probable,  however,  that  considerable  break¬ 
age  of  closure  discs  occurred  in  the  weapon  as  the  shells  were  seated  in  the 
chamber  by  the  recoil-operated  action  of  the  shotgun.  This  has  since  been 
confirmed  by  tests  at  D&PS.  When  this  occurs,  the  16  center  flechettes  slide 
forward  out  of  the  shells  as  much  as  Vs  in. 

(b)  The  4  plastic  sabots  tended  to  hold  the  outer  16  flechettes  in  the 
sabots  themselves  in  4  groups  of  4  flechettes  each.  This  effect  may  have 
been  accentuated  by  the  low  temperatures  and  thermal  contractions  occurring 
during  the  SALVO  II  tests.  Some  shells  were  disassembled,  and  it  was  ob¬ 
served  that  a  violent  movement  was  required  to  dislodge  the  four  flechettes 
from  each  sabot. 
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The  rechecking  of  SALVO  II  test  materiel  by  D&PS  included  investigation 
of  both  these  effects.  Data  obtained  from  5  rounds  careful'y  loaded  into  the 
chamber  to  avoid  displacement  of  the  flechettes  demonsti «iced  no  appreciable 
effect  on  dispersion.  Ten  rounds  in  which  the  16  center  flechettes  were  colored 
for  identification  in  the  target  pattern  failed  to  show  any  effect  from  the  possible 
failure  of  the  outer  flechettes  to  detach  from  the  sabot. 

The  rounds  and  the  weapons  were  crude  prototypes,  and  their  combined 
performance  was  too  erratic  to  derive  firm  conclusions  regarding  potential 
effectiveness.  Dispersion  was  poorly  controlled,  and  because  of  recording 
difficulties  the  determination  of  total  error  was  not  possible  from  the  experi¬ 
mental  results.  Extensive  check  firing  was  conducted  by  D&PS  following  the 
test  in  an  attempt  to  obtain  dispersion  data  to  a  range  of  400  yd,  but  satis¬ 
factorily  complete  patterns  were  obtainable  only  at  10  and  30  yd.  The  mean 
radial  dispersion  in  mils  for  105  rounds  fired  at  30  yd  was  calculated  to  be 
17.1  mils;  for  10  rounds  fired  at  10  yd  it  was  15.3  mils.  Erratic  stabiliza¬ 
tion  delays  make  the  dispersion  a  function  of  range  for  a  considerable  distance 
from  the  muzzle. 

In  three  of  the  four  flechette  runs  positive  identification  of  flechette  mul¬ 
tiple  hits  in  SALVO  n  was  possible  on  only  three  targets.  Electronic-recording 
and  target-face  counts  were  supplemented  by  motion-picture  records  taken 
during  firing  on  the  three  targets.  Single  and  multiple  hits  were  resolved  by 
association  of  time-of-flight  data  with  electronic  records  from  trigger  switches. 


Table  B5 

SALVO  n  Hit  and  Casualty  Data®  for  12-cace  32-Flechette 
AND  .30- CAL  Simplex  Ammunition 


Run 

Target 

Rounds 

fired 

Hits 

Hits 

per  round 

Hits  per  pound 
of  ammo 

Casualties 
per  round 

Casualties  per 
pound  of  ammo 

i2-gage  32-Flechctte  Ammunition 

17 

10 

30 

13 

0.43 

4.11 

0.15 

1.40 

14 

16 

5 

0.31 

2.97 

0.10 

0.96 

18 

7 

14 

8 

0.57 

5.40 

0.17 

1.56 

10 

30 

18 

0.60 

5.69 

0.20 

1.92 

14 

11 

1 

0.09 

0.86 

0.03 

0.30 

23 

7 

23 

8 

0.34 

3.30 

0.12 

1.16 

10 

20 

7 

0.35 

3.31 

0.12 

1.10 

14 

18 

2 

0.11 

1.05 

0.04 

0.37 

Avg 

20 

7.8 

0.35 

3.34 

0.12 

1.10 

.30-cal  Sirnplex 

la 

10 

60 

39 

0.65 

11.50 

0.42 

7.43 

14 

24 

8 

0.33 

5.92 

0.23 

4.15 

2a 

7 

47 

26 

0.55 

9.81 

0.39 

6.87 

10 

56 

31 

0.55 

9.81 

0.39 

6.87 

14 

20 

11 

0.55 

9.73 

0.38 

6.81 

11 

7 

54 

21 

0.38 

6.88 

0.27 

4.82 

10 

65 

22 

0.33 

5.99 

0.24 

4.20 

14 

33 

7 

0.21 

3.76 

0.15 

2.63 

Avg 

49 

20.6 

0.42 

7.90 

0.31 

5.47 

^Derived  from  cameras  and  targrl-facc  counts. 
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Using  these  limited  data,  casualties  per  round  and  per  pound  of  ammunition 
were  calculated  for  these  three  targets  and  compared  with  similar  data  for  the 
.30-cal  simplex  (M2  ball)  ammunition  that  served  as  the  experimental  control. 
These  data  are  presented  in  Table  B5. 

Althougli  the  dispersion  of  the  SALVO  I  flechette  ammunition  is  not  pre¬ 
cisely  known,  it  was  estimated  at  about  9  mils,  or  the  same  as  that  used  by 
Sterne^  in  his  original  firings.  The  cause  of  this  80  percent  (9-  to  IG-mil)  in¬ 
crease  in  dispersion  of  the  SALVO  II  ammunition  has  not  been  determined. 
However,  it  is  obvious  that  flechette  ammunition,  if  dispersion  can  be  con¬ 
trolled,  did  not  receive  a  conclusive  examination  in  either  SALVO  I  (limited 
ammunition)  or  SALVO  II  (excessive  dispersion).  Hence,  predictions  concern¬ 
ing  the  increased  effectiveness  of  this  type  of  ammunition  must  remain  largely 
theoretical. 

LETHALITY 

A  complete  discussion  of  the  lethality  criteria  used  in  evaluation  of  the 
SALVO  I  results  are  found  in  App  B  of  ORO-T-378.^  The  same  criteria  were 
used  in  SALVO  II.  The  lethality  values,  as  determined  by  Edgewood  Arsenal 
and  the  Ballistics  Research  Laboratory  (BRL),  APG,  are  the  same  for  .30-cal 
simplex  (M2  ball),  .30-cal  duplex,  .30-cal  triplex,  and  flechette  ammunition  as 
those  used  in  SALVO  I.  It  was  also  determined  by  Edgewood  Arsenal  that  .22- 
cal  simplex  and  .22-cal  duple.x  ammunition  do  not  differ  materially  from  those 
of  the  other  ball  ammunitions  used  in  the  experiment.  In  view  of  this,  a  com¬ 
posite  lethality  figure  of  0.70  is  used  for  ball  projectiles  and  0.35  for  flechettes.* 

SIGHT  SETTING 

As  in  SALVO  I,  the  sight  setting  for  SALVO  II  was  selected  to  maximize 
the  number  of  hits  on  the  target  system.  This  setting  was  obtained  by  comput¬ 
ing  total  miss  distances  for  the  expected  number  of  projectiles  fired  on  the 
target  system  as  a  function  of  various  sight  settings.  The  sight  setting  that 
minimized  this  total  miss  distance  was  selected  as  that  to  t.)e  used  for  the 
various  weapons.  The  process  is  described  in  detail  in  App  M  of  ORO-T-378,^ 
but  two  minor  changes  were  made  in  the  SALVO  II  application:  (a)  instead  of 
predicted  values  for  number  of  shots  fired  at  each  range,  actual  values  obtained 
in  the  SALVO  I  experiment  were  used,  and  (b)  a  correction  was  made  in  the 
calculations  to  account  for  the  vertical  separation  of  the  sights  and  the  barrel. 
The  basis  for  this  correction  is  outlined  in  the  following  three  equations  and 
is  seen  graphically  in  Fig.  Bl. 


(i  -  h  -  in  -  Vj  d  (r/ V)2 

(Bl) 

(1  -li  -  (i(R  \)2 

(B2) 

1  /r -  I  /  R 

(B3) 

'I'riplr\  iimmnnilinn  is  rrdiirrd  Id  0.70  (1-0.18)  tn  jicrininl  (or  hrl mrt-|icnrlratii)n  failurr  linytind  200  yd 
(see  \pi.  li  of  nnn-T-:?7R‘). 
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Fig.  B1— Diogrom  of  Method  Used  to  Correct  for  Effect  of  Separotion 
of  Borret  ond  Sights  on  Zeroing  Precision 


Fig.  B2— Miss  Distance  os  Function  of  Sight  Setting 
on  SALVO  II  Torget  System 


(1)  .30-cal  triplex  (third  bullet) 

(2)  .30-cal  triplex  (second  bullet) 

(3)  .30-cal  triplex  (first  bullet) 

(4)  .30-cal  duplex  (second  bullet) 


(5)  .30-cal  duplex  (first  bullet) 

(6)  .22-cal  duplex  (second  bullet) 

(7)  .30-cal  simplex  (M2  boll) 

(8)  .22-cal  duplex  (first  bullet) 

(9)  .22-cal  simplex 
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where  i 
li 
II 
L 
r 
R 
3 
V 


=  distance  from  line  of  flight  without  gravitational  drop  at  X 
=  vertical  separation  of  barrel  and  sights 
=  miss  distance  from  point  of  aim  at  r 

=  distance  from  line  of  sight  without  gravitational  drop  at  R 
=  75  yd— actual  range  at  which  weapons  were  zeroed 
=  160  yd— range  for  which  weapons  were  zeroed 
=  gravitational  acceleration 
=  muzzle  velocity  of  projectile 


This  method  made  it  possible  to  determine  accurately  the  center  of  impact 
for  the  test  ammunitions,  considering  only  the  first  projectile  in  the  duplex  and 
triplex  rounds.  Required  distance  of  the  impact  point  above  the  aiming  point  at 
the  75-yd  actual  zeroing  range  and  the  required  “hold-off”  for  300  yd  were  cal¬ 
culated.  The  firers  were  instructed  prior  to  each  run  to  use  the  appropriate 
hold-off  for  distant  targets.  These  are  presented  in  Table  B6. 


TAB1.K  B6 

DlFf  KHKNCK  BKTWKKN  AIMING  POINT  AND  CFNTKH  OF  IMPACT 
FOR  .SALVO  II  Tf.st  Ammunitions 


Ammunition 

Onler  of  impact 
above  aiming  point 
at  75  yd,  in. 

Center  of  impact 
below  aiming  point 
at  300  yd,  in. 

.30-cal  simplex  (M2  ball) 

1.7 

14.4 

.30-cal  duplex® 

2.1 

24.2 

.30-cal  triplex® 

2.1 

36.1 

.22-cal  simplex 

1.0 

8.6 

,22-cal  duplex® 

1.5 

15.8 

‘'First  liullel. 


In  Fig.  B2  total  miss  distance  on  the  target  system  is  computed  a.s  a  func¬ 
tion  of  various  sigiit  settings.  It  can  be  seen  that  miss  distances  were  minimized 
for  all  projectiles  at  just  less  than  160  yd  (SALVO  I  sight  setting  was  165  yd), 
and  also  that  between  100  and  200  yd  miss  distances  were  not  sharply  sensitive 
to  sight  settings.  A  more  recent  study*®  is  based  on  maximizing  the  net  offset 
hit  probability.  That  criterion  is  in  general  agreement  with  the  method  described 
above  but  tends  to  yield  slightly  lower  optimum  zero  range.  It  is  interesting  to 
find  that  effects  that  have  often  been  considered  to  be  major  differences  con¬ 
tribute  such  a  small  amount  to  operational  inaccuracy. 


WEAPON  MALFUNCTION 


These  data  were  collected  with  the  assistance  of  Thomas  Cairns  and 
Robert  Hoar  of  the  Springfield  Arsenal,  who  assumed  full  responsibility  for 
sight  adjustnient,  issue  and  receipt  of  weapons,  emergency  service  on  the 
firing  line,  and  regular  servicing  and  maintenance  of  the  weapons  during  the 
entire  test.  Considerable  difficulty  was  initially  encountered  from  the  record¬ 
ing  switches  mounted  in  the  trigger  assembly  of  the  test  weapons.  The  faulty 
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switches  produced  an  unsatisfactory  signal,  znaking  resolution  and  identifica¬ 
tion  of  individual  shots  impossible.  Izispection  of  the  switches  revealed  that 
the  metal  in  the  switch  spring  was  of  such  poor  quality  that  after  a  few  shots  it 
failed  to  return  the  mechanism  to  the  original  position.  New  springs  were  fao- 
ricated  at  the  test  site,  and  virtually  no  further  trouble  was  encountered  from 
this  source. 

Weapon  malfunctions  by  run,  weapon  number,  ammunition,  and  nature  of 
the  failure  are  listed  in  Table  B7. 


Tahi.k  H7 

WKAI’ON  M/U.FUNCIIONS  IN  SALVO  If'’ 


j  Malfunction 

Itun 

Wea|)on  no. 

Arnmunilion 

Ueimirks 

Type 

No. 

1 

6097:118 

.30-cal  simplex  (M2  ball) 

pon 

1 

_ 

8 

0097298 

.30-cal  triplex 

POH 

2 

— 

5a 

6097298 

.SO-cal  triplex 

poll 

2 

— 

14 

6094878 

.22-cal  simplex 

Ill'll 

1 

— 

14 

6094548 

.22-cal  simplex 

l-'X 

1 

H  im  sheared 

15 

6097984 

.22-cal  duplex 

llKll 

2 

— 

16 

6099100 

.22-cal  duplex 

llKll 

3 

_ 

19 

6099085 

.22"Cal  duplex 

Kjb 

1 

(Mip  failed 

21 

6097189 

, 22-cal  simplex 

FX 

1 

to  eject 

Him  sheared 

21 

6094.548 

.22-cal  simplex 

FX 

1 

Him  sheared 

21 

6095916 

, 22-cal  simplex 

IF' 

1 

— 

21 

6095916 

.22-cal  simplex 

Fj'’ 

1 

(Ilip  failed 

21 

6090102 

.22-cal  simplex 

HFll 

1 

to  eject 

22 

6094489 

.22-cal  simplex 

FX 

3 

Him  sheared 

22 

6097189 

.22-cal  simplex 

FX 

2 

Him  sheared 

22 

6096096 

.22-cal  simplex 

FF 

1 

— 

22 

f.097254 

.22-Ciil  simplex 

FF 

1 

4a 

6099379 

..'JO-cal  duplex 

FF 

1 

2a 

60903:13 

.30-cal  simplex  (M2  ball) 

IIFI! 

1 

la 

6096 12> 

.30-cal  simplex  (M2  Lai!) 

POH 

1 

— 

“K.xc 

flecheUc 

weapons. 

‘'I'ailure  In  rjpct. 


Malfunctions  are  classified  in  the  accepted  categories  established  by 
Ordnance  specialists.  These  are: 

(a)  FOR,  partial  override;  bolt  slips  over  the  rounds  to  be  chambered 
and  jams. 

(b)  BFH,  bolt  not  fully  home  and  fails  to  complete  forward  movement. 
This  type  of  failure  is  nearly  always  cleared  immediately  by  the  firer  hitting 
the  bolt  handle  lightly  with  the  heel  of  his  hand. 

(cl  FX,  failure  to  extract.  In  this  experiment  there  were  several  in¬ 
stances  when  the  .22 -cal  simplex  ammunition  caused  extraction  difficulty  due 
to  the  cartridge  rim  shearing  from  the  case. 
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(d)  FF,  failure  to  feed.  This  type  of  malfunction  was  most  prevalent  in 
the  flechette  weapons.  A  possible  explanation  was  the  damping  effect  on  the 
normal  recoil  action  of  the  four  stiffening  ribs  welded  to  the  barrel.  The  addi¬ 
tional  weight  may  have  reduced  the  recoil  effect  sufficiently  to  cause  the  nu¬ 
merous  incomplete  ejections  and  associated  feed  failures. 

Table  B7  includes  no  data  for  the  flechette  weapons.  Feed  and  ejection 
failures  were  so  numerous  that  no  accurate  count  could  be  made.  It  was  ob¬ 
served  that  many  of  the  firers  became  so  accustomed  to  ejection  failures  that 
had  to  be  manually  cleared  that  they  checked  the  guns  after  each  shot.  The 
end  result  was  that  they  did  not  bother  to  fill  expended  magazines,  preferring 
to  load  singly  since  the  action  is  designed  to  remain  open  when  the  magazine 
is  empty. 

Mr.  Cairns  and  Mr.  Hoar,  the  Ordnance  specialists  stated  that  in  most 
instances  weapon  malfimctions  other  than  those  resulting  from  sheared  cart¬ 
ridge  rims  resulted  in  the  loss  of  only  one  shot.  They  also  reported  that  their 
obseiwations,  plus  inquiries  directed  to  the  malfunction -signal -switch  operators, 
indicated  that  no  shots  were  fired  while  the  malfunction  signal  was  being 
transmitted. 
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Appendix  C 
DATA  REDUCTION 

SUMMARY  61 

Bullet  Holes  Counted— Ammunition  Expenditure— Shots  Recorded— Hits  Recorded— 
Target-System  Malfunctions— Weapon  Malfunctions— Conditions  of 
Weather  and  Light— Gun-Camera  Record— Target- System  Programs 

ELECTRONIC  DATA  REDUCTION  85 

ASSIGNMENT  OF  HITS  85 

DATA  ADJUSTMENT  BY  TARGET  89 

METHOD  OF  ADJUSTMENT  BY  FIRER  90 

RATE-OF-FIRE  DATA  91 

FIGURES 

Cl.  Variation  in  Velocities  of  .30- cal  Triplex  Bullets  89 

C2.  Cumulative  Percfjitage  of  Time  detween  Shots  for  All  Firers  and 

Ai.l  Runs  92 

TABLES 

C1-C16.  Shots,  Hits,  and  Casualties  Recorded  during  Various  Runs  by 
Squad  A  or  B  Using  Various  Ammunitions 

Cl.  Run  1a,  Squad  A.  .30-cal  Simplex  (M2  Ball)  62 

C2.  Run  2a,  Squad  B,  .30-r.AL  Simplex  (M2  Ball)  63 

C3.  Run  11,  Squad  B,  .30-cal  Simplex  (M2  AP)  64 

C4.  Run  12,  Squad  A,  .30-cai.  Simplex  (M2  AP)  65 

C5.  Run  3a,  Squad  A,  .30-cal  Duplex  66 

C6.  Run  4a,  Squad  B,  .30-cai  Duplex  67 

C7.  Hun  9,  Squad  B.  .30-cal  Di'Plex  68 

C8.  Run  10,  Squad  A,  .30-cal  IOupi.ex  69 

C9.  Run  5a.  Squad  A,  .30-cal  Triplex  70 

CIO.  Run  6a,  Squad  B,  .30-cai.  Triplex  71 

Cll.  Run  7,  Squad  B.  .30-cai,  Triplex  72 

C12.  Run  8.  Squad  A.  .30-cal  Triplex  73 

C13.  Run  15,  Squad  A,  .22-cal  IX'plex  74 

C14.  Run  16,  Squad  B.  .22-c.al  Di  plex  75 
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C15.  Run  19,  Squad  H,  .22- cal  Duplkx  76 

C16.  Ru.n  20,  Squad  A,  .22-cal  Duplf.x  77 

C17.  Total  Hits  and  Ricochkts  for  SALVO  !I  Ammunition  78 

C18-C21.  Total  Shots,  Casualties,  Hits,  and  Hit  and  Casualty  Probabilities 
ON  Target  System  Using  Various  Ammunitions,  by  Firer 

C18.  ..30-cal  Simplex  (M2  Ball)  79 

C19.  .30-cal  Duplex  79 

C20.  .22-cal  Dlplex  80 

C21.  .  30- cAi.  Triplex  80 

C22.  Summary  of  Target  Malfunctions  and  Adjusted  Hits  81 

C23-C28.  Various  SALVO  II  Target-System  Programs 

C23.  Program  1  82 

C24.  Program  2  82 
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C31.  Mean  Velocities  and  Standard  Deviations  of  Fach  Ammunition  88 
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SUMMARY 

Seven  kinds  of  data  were  recorded  in  the  SALVO  II  experiment;  (a)  bullet 
holes  in  the  paper  target  faces,  (b)  ammunition  expended  per  man  per  run, 

(c)  continuous  recording  of  rounds  fired  at  each  position,  (d)  continuous  record¬ 
ing  of  bullet  hits  on  each  target,  (e)  malfunctions  occurring  in  the  target  system, 

(f)  weapon  malfunctions,  and  (g)  conditions  of  weather  and  light. 

In  addition  a  close-up  16-mm  photographic  (gun  camera)  record  was  made 
of  the  targets  during  the  time  they  were  under  fire  on  the  flechette  runs,  and 
an  automatically  controlled  lapsed-time  camera  photographed  the  entire  firing 
fan  during  each  run.  Subjective  information  concerning  firers  was  collected  in 
postrun  interviews. 

Bullet  Holes  Counted 

At  the  beginning  of  each  run  the  targets  were  covered  with  paper  faces, 
each  of  which  was  clearly  identified  by  run  and  target  number.  The  faces 
were  removed  at  the  conclusion  of  each  run,  and  the  holes  were  counted  and 
identified  as  internal  or  edge  holes,  since  holes  at  the  edges  might  have  failed 
to  be  counted  by  the  electronic  instrumentation.  Ricochets,  identified  by  their 
characteristically  elongated  holes,  were  also  included  in  the  totals.  Hits,  shots, 
casualties,  and  multiple  hits  per  rim  are  listed  in  Tables  Cl  to  C16  by  firer 
and  target.  Ricochets  and  total  hits  are  listed  by  ammunition  in  Table  C17. 

Ammunition  Expenditure 

The  second  kind  of  data  was  taken  by  simply  counting  the  issued  ammuni¬ 
tion  at  each  firing  position  at  the  start  of  each  run  and  subsequently  counting 
the  unexpended  ammunition  at  each  position  immediately  following  the  run. 

Shots  Recorded 

The  continuous  recording  from  the  Esterline-Angus  recorder  provided  a 
permanent  record  of  trigger  action  at  each  firing  position.  This  includes  late 
shots  and  shots  between  target  appearances. 

Hits  Recorded 

By  means  of  the  Esterline-Angus  record  it  was  possible  to  resolve  multiple - 
bullet  hits  from  duplex  and  .triplex  rounds  and  thus  to  distinguish  among  single 
and  multiple  hits  per  trigger  pull  (potential  overkills),  as  well  as  tallying  the 
total  number  of  hits.  However,  some  ricochets  failed  to  record,  and  many  of 
the  flechette  salvos  saturated  and  shorted  the  recording  mechanism.  A  listing 
of  hits,  shots,  casualties,  hit  probabilities  P||,  and  casualty  probabilities 
per  firer  (except  for  .22-cal  simplex  and  flechette  ammunition)  appears  in 
Tables  C18  to  C21. 
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Table  C2 

Shots,  Hits,  and  Casualties  Recorded  during  Run  2a  by  Sc'Uad  B 
Using  .30- cal  .Simplex  {M2  Ball)  Ammunition 


CONFIDENTIAL 


ORO-T-397 


63 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


CONFIDENTIAL 


ORO-T-397 


65 


CONFIDENTIAL 


‘^HOTS,  Hits,  and  Casualties  Recorded  during  Run  3a  by  Squad  A 
L^inc  .30-c.al  Duplex  Ammunition 
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Table  C7 

Shots,  Hits,  and  Casualties  Recorded  during  Run  9  by  Squad  B 
Using  .30- cal  Duplex  ^munition 
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Table  C6 

Shots,  Hits,  and  Casualties  Recorded  during  Run  10  by  Squad  A 
Using  .30-cal  Duplex  Ammunition 
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Table  C9 

Shots,  Hits,  and  Casualties  Recorded  during  Run  5a  by  Squad  A 
IsiNG  .30- CAL  Triplex  Ammunition 
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Table  CIO 

Shots,  Hits,  and  Casualties  Recorded  during  Run  6a  by  Squad  B 
Using  .30- cal  Triplex  Ammunition 
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Table  C.  1 1 

Shots,  Hits,  and  Cjvsualties  Recorded  during  Run  7  by  Squad  B 
Using  .30- cal  Triplex  .Ammunition 
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Table  C12 

Shots,  Hits,  and  Casualties  Recorded  during  Run  8  by  Squad  A 
Using  .30- cal  Triplex  Ammunition 
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Tabi.e  C13 

Shots,  Hits,  and  Caslalties  Recorded  during  Run  15  by  Squad  A 
Using  .22- cal  Duplex  Ammunition 
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Table  C14 

&OTS,  Firs,  AND  Casualties  Recorded  during  I^un  16  by  Squad  B 
Using  .22- cal  Duplex  Ammunition 
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T.ySLL  C15 

Shots,  Hits,  and  Casualties  Recorded  during  Run  19  by  Squad  B 
I’SING  .22- CAL  nuPLEX  AMMUNITION 
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Target-System  Malfunctions 

A  log  was  kept  of  all  malfunctions  that  occurred  in  the  tar  get- operating 
mechanisms,  shockers,  and  similar  programed  devices.  These  maKunctions 
are  listed  in  Table  C22. 

Weapon  Malfunctions 

An  observer  stationed  behind  each  firer  actuated  a  switch  that  recorded 
the  duration  and  identified  the  position  of  each  weapon  malfunction.  The  nature 
of  the  malfunction  was  then  manually  recorded.  A  list  of  weapon  malfunctions 
appears  in  Table  B7. 


Table  C 1 7 


Total  Ihrs  ,*.nd  IhcociiETS  ron  SAI.VO  II  Vmmuni  i'ion 


Annnmition 

I'iirgrt 

.HO-cot 

Hitnplcx 

,30-ciil 

duplex 

.30-ral 

triplex 

.22-ral 

iluplex 

.22-1..1I 

simplex 

Tjffpet 

hits 

Hound 

T  jirgol 
hil.s 

Hound 

■riirf;et  j 
hits  j 

Hound 

1  ! 

TiU-R.'l 

hits 

Hound 

Tarnel 

hits 

llouiii! 

r 

20 

4 

31 

4 

21 

0 

26 

3 

9 

0 

7 

W 

m 

22 

12 

225 

16 

>0.1 

•17 

112 

.38 

v 

:tr> 

3 

74 

4 

79 

4 

(}(> 

5 

19 

4 

10 

136 

21 

ia3 

5 

2.33 

13 

197 

.36 

32 

3 

i:i 

Bfi 

24 

134 

IV 

148 

22 

90 

30 

2f) 

8 

It 

35 

4 

56 

1 

47 

4 

■38 

17 

11 

2 

ir> 

4 

1 

8 

0 

13 

0 

12 

3 

I 

0 

16 

15 

1 

76 

1 

?> 

2 

67 

•> 

19 

') 

l« 

I 

31 

0 

•21 

1 

40 

0 

28 

.3 

19 

6a 

1 

% 

0 

127 

.3 

168 

0 

6.5 

0 

2Q 

118 

27 

120 

18 

122 

13 

157 

36 

60 

21 

21 

3 

1 

3 

0 

4 

I 

f) 

0 

1 

0 

22 

1 

0 

1 

1 

1 

0 

r, 

0 

I 

0 

24 

r 

2 

6 

0 

0 

R 

•> 

-> 

0 

1  1 

10 

0 

1.3 

1 

1(> 

5 

B 

1 

•2H 

15 

0 

12 

1 

17 

0 

16 

1 

7 

0 

2^) 

20 

1 

24 

0 

30 

0 

3f> 

0 

11 

2 

HO 

4 

3 

1 

0 

0 

0 

•) 

0 

0 

0 

:U 

11 

2  . 

16 

0 

15 

0 

1 1 

3 

18 

0 

:\2 

r 

0 

4 

0 

o 

0 

,3 

1 

0 

0 

:u 

2 

0 

3 

0 

0 

0 

2 

0 

0 

0 

:iv 

13 

2 

8 

0 

9 

1 

7 

1 

I 

1 

Total 

733 

121 

1118 

64 

1211 

81 

1  IH7 

182 

131 

88 

Conditions  of  Weather  and  Light 

Conspicuous  weather,  wind,  and  visibility  changes  were  also  logged  and 
are  noted  in  Table  2. 

Gun-Camera  Record 

A  16-mm  gun  camera  emplaced  in  front  of  each  target  recorded  flechette 

hits. 

Target-System  Programs 

The  six  SALVO  II  target-system  programs  are  listed  in  Tables  C23  to  C28. 
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Taiu.k  C18 

Total  Shots.  Casualties,  Hits,  ami  Hit  and  Casualty 
Phohabilities  on  Target  System  I'sinc  .30- cal 
Simplex  (M2  Hall)  Ammunition,  by  I’irer 


Kirer 

Shota 

llita 

Casualties 

f'c 

Squad  A 

1 

134 

61.70 

43.18 

.460 

.322 

2 

131 

21.69 

15.18 

.165 

.116 

3 

112 

47.19 

33.03 

.421 

.295 

4 

160 

54.14 

37.88 

.338 

.237 

G 

126 

37.76 

26.44 

.300 

.210 

6 

144 

56.27 

39.39 

.391 

.273 

7 

141 

.26.01 

18.22 

.184 

.129 

8 

128 

36.18 

25.32 

.283 

.198 

9 

152 

29.88 

20.92 

.196 

.138 

10 

121 

^.18 

20.44 

.241 

.169 

Squad  D 

1 

144 

36.94 

25.00 

.256 

.179 

2 

153 

44.60 

31.23 

.291 

.204 

3 

128 

40.96 

28.67 

.320 

.224 

4 

139 

31.85 

22.30 

.229 

.160 

5 

123 

40.80 

28.56 

.332 

.232 

6 

109 

37.90 

26.53 

.348 

.243 

7 

115 

19.76 

13.83 

.172 

.120 

8 

113 

30.01 

21.00 

.265 

.186 

9 

23.93 

tG.io 

1  O  J 

10 

138 

26.25 

18.37 

.190 

.133 

Total 

2636 

733.00 

513.10 

.278 

.195 

Table  C19 


Total  Shots.  Casualties,  Hits,  and  Hit  and  Casualty 
Probabilities  on  Target  Sy.stem  Using  .30- cal 
Duplex  Ammunition,  by  Fiber 


Firer 

Shots 

Hits 

Casualties 

'’h 

Squad  A 

1 

124 

90.00 

54.18 

.726 

.437 

2 

147 

53.60 

34.09 

.365 

.232 

3 

126 

59.16 

37.00 

.469 

.294 

4 

161 

72.26 

41.76 

.449 

.259 

5 

133 

71.15 

42.45 

.535 

.319 

6 

144 

76.20 

45.99 

.529 

.319 

7 

133 

68.00 

40.74 

.511 

.,306 

8 

127 

44.61 

28.73 

.351 

.227 

9 

145 

46.41 

29.55 

.320 

.204 

10 

116 

49.61 

28.36 

.428 

.244 

Squad  !J 

1 

148 

58.38 

.35.97 

.394 

.243 

2 

1.50 

31.58 

19.41 

.210 

.129 

3 

144 

63.82 

39.28 

.443 

.273 

4 

127 

48.96 

30.60 

.385 

.241 

5 

141 

51.06 

.32..S6 

.362 

.231 

6 

105 

52.52 

32.35 

..soo 

.308 

7 

109 

48.02 

30. 18 

.440 

.277 

8 

118 

37.98 

24.38 

.322 

.207 

9 

134 

54.98 

32.61 

.410 

.243 

10 

127 

39.70 

25.83 

.312 

.203 

Total 

26.59 

1118.00 

686.07 

.420 

.258 
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Tahi.e  C20 


Total  Shots,  CLasuai.ties,  Hits,  and  Hit  and  Casualty 
H«0B  ABILITIES  ON  TARGET  SYSTEM  USING  .22- CAL 
IXji'lex  Mbiunition,  by  Fiber 


Kirer 

Sliols 

Hit  a 

Cus  unities 

Squtt<i  \ 

1 

136 

107.72 

64.62 

.792 

.475 

2 

I2.S 

43.90 

27..55 

.351 

.220 

3 

134 

78.B1 

47.57 

.,588 

.355 

4 

143 

63.64 

37.93 

.445 

.265 

5 

104 

70.84 

41.26 

.681 

..397 

6 

124 

66.00 

40.32 

.532 

.325 

7 

123 

49.02 

30.64 

.398 

.249 

8 

119 

44.61 

29.51 

.375 

.248 

0 

159 

54.78 

32.22 

.344 

.20.3 

iC 

128 

50.68 

32.54 

.396 

.2.54 

Squad  ){ 

1 

146 

94.00 

55.02 

.644 

,377 

2 

131 

58.00 

36.19 

.-143 

.276 

3 

113 

48.00 

29.68 

.425 

.263 

4 

121 

57.00 

33.04 

.471 

.273 

5 

154 

59.00 

34.44 

.383 

.224 

6 

111 

52.00 

31.50 

.468 

.284 

7 

93 

56.00 

32.34 

.602 

.348 

fl 

111 

42.00 

24.,50 

.378 

.221 

9 

133 

34.00 

20.86 

.256 

.1.57 

10 

131 

57.00 

.35.98 

.435 

.275 

2539 

1187.00 

717.71 

.467 

.283 

Table  C21 

Total  .Shots.  ('.a.sijai.ties.  IIit.s,  and  Hit  and 
UllOHAItlLITIES  ON  TARGET  SYSTEM  USING  . 
Triplex  AMwuNiTiON,  by  I-'irer 

Casualty 

;<0-CAL 

Kirer 

Shots 

Hits  ('.asualties 

I’m 

Squad  A 

i 

128 

101.00 

49.93 

.78<; 

.390 

2 

134 

60.00 

32.06 

.448 

.239 

3 

127 

79.00 

41.13 

.622 

.32-1 

4 

150 

81.00 

V).!6 

.540 

.2.'.n 

5 

115 

64.00 

33. 1.3 

.5.56 

.288 

6 

144 

96.00 

49.48 

.f/.7 

..344 

7 

119 

60.00 

.30.67 

..504 

.2.58 

8 

1.39 

44.00 

26.18 

.316 

.  i8« 

9 

167 

37.00 

20.70 

.221 

.124 

10 

121 

51.00 

27.69 

.415 

.225 

Squad  11 
1 

176 

70.18 

.37.00 

..399 

.210 

2 

L55 

54.27 

31.05 

.3.50 

.200 

3 

145 

55.69 

30.95 

.384 

.213 

4 

1.50 

62.41 

.33.35 

416 

222 

5 

K»0 

67.-38 

.32.71 

.421' 

.204 

6 

112 

63.08 

36.59 

..563 

.327 

7 

112 

46.94 

23.61 

.419 

.211 

8 

103 

3201 

17.  Vi 

.311 

.173 

9 

136 

33,.15 

20.42 

.245 

.1.50 

10 

IM 

55.69 

27.83 

.387 

.193 

To!  -hJ 

2739 

1214  no 

6 12-. 7) 

.4-43 

.234 
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Table  C22 

Summary  of  Target  Mai  functions  and  Adjusted  ItTS 


Ammunition 
and  run 

Target 

Electronically 
recorded  hits 

Adjusted 

hits 

Difference, 
adjusted  —  recorded 
hits 

Malfunction 

.30-cal  simplex 

la 

7 

11 

21 

10 

Short 

la 

13 

8 

22 

14 

Short 

11 

7 

16 

21 

5 

Short 

9 

1 

6 

5 

Short 

13 

7 

26 

19 

Shwt 

12 

9 

0 

12 

12 

Short 

13 

0 

18 

18 

Short 

19 

10 

11 

1 

Short 

20 

20 

35 

15 

Short 

.22*081  duplex 

15 

24 

0 

2 

2 

Twget  failed  to  appear; 
adjusted  with  run  20 

1  r\ 

LXJ 

1 A 

62 

52 

Short 

16 

16 

5 

6 

1 

Part  of  face  missing 

.30-cal  duplex 

4a 

9 

0 

16 

16 

Short 

14 

0 

12 

12 

Short 

16 

20 

6 

19 

13 

Men  still  firing  at 
target  20;  adjusted 
with  data  from  run  9 

Did  not  drop;  34  hits, 
target  face  showed  60 

10 

10 

v 

i 

53 

52 

Target  shot  off  st^e; 
adjusted  with  data 
from  run  3,  Shots  also 
adjusted  37  to  54 

.SO-cal  triplex 

8 

13 

13 

36 

23 

Short 

7 

51 

53 

2 

Saturation 

10 

57 

59 

2 

SeCuration 

13 

55 

56 

1 

Saturation 

20 

33 

36 

3 

Saturation 

6a 

7 

27 

64 

37 

Short 

9 

20 

21 

I 

Saturation 

14 

0 

16 

16 

Short 

7 

20 

21 

28 

$ 

Short 

5 

9 

19 

21 

2 

Saturation 

16 

26 

27 

1 

Saturati  on 

Total 

417 

759 

342 

8  percent  of  all  hits 
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Tablk  C2;5 

SALVO  II  Tahckt-Systkm  Program  1 


Time, 

ciuii  sec 

Action** 

Time, 

cum  sec 

Action** 

Time, 

cum  sec 

Action” 

:i 

d4 

97 

10i)f 

197 

Mb* 

7 

22I)* 

107 

104 

203 

14* 

10 

22* 

112 

S3 

20*1 

1)13 

13 

dl 

114 

94 

210 

28b* 

18 

194 

117 

94 

214 

■28* 

29 

i<>+ 

122 

24 1 

221 

31b* 

30 

S7 

126 

24* 

237 

314 

32 

1)11 

127 

dl6 

212 

1)19 

35 

15t 

133 

254 

245 

291)* 

43 

15* 

139 

254 

252 

294 

44 

1)9 

142 

1)8 

256 

1)20 

46 

S6 

145 

7b4 

Z58 

30* 

48 

204 

155 

7t 

261 

304 

66 

20« 

157 

l)S 

2M 

1)14 

70 

<)|2 

158 

Si 

266 

1)15 

71 

S2 

160 

SI.* 

267 

34b* 

72 

1)10 

163 

54 

279 

34* 

75 

214 

168 

DlS 

284 

334 

7^ 

21* 

171 

13b4 

288 

33* 

82 

1)6 

184 

13* 

289 

d2 

84 

1)17 

187 

1)7 

291 

1)3 

85 

184 

190 

154 

295 

32b* 

91 

184 

!93 

15* 

300 

32* 

’^f),  '4-lb  nitrosttiTch  demolition;  d,  1 

!a=tias  Clip; 

.  blank  firing 

tilf  wiili  t'lie 

indicated  target;  f  target  erected;  ^  target  drt>|>}»e«I;  S,  electric  shock  with  the 
in<liciile<i  firer.  NumUers  designate  the  turgel,  demolition,  or  position  c)n  line, 
as  appropriate. 


Tabi.f  C24 


SALVO  11  Tarckt-Systkm  I’rogram  2 


‘1  ime, 

cunt  sec 

Action  “ 

'rime, 

cum  sec 

Aciittn  " 

lime, 

i-.'lbm'' 

4 

I4i>* 

131 

21* 

219 

r>B 

10 

!4* 

132 

1)15 

220 

25* 

IB 

13b* 

134 

1)11 

226 

25* 

31 

13* 

1.37 

30* 

2.31 

24  4 

34 

l)|9 

140 

30  4 

235 

2-4  4 

37 

!54 

141 

1)18 

238 

1)13 

40 

154 

1  145 

sio 

241 

52 

42 

l)H 

i  147 

1)20 

242 

3-21. 

'i8 

184 

148 

2')’’* 

247 

32* 

51 

184 

155 

294 

1  249 

.112 

58 

1)7 

162 

■111.* 

1  2.7) 

1)5 

61 

221.4 

178 

31* 

1  2.51 

.11 

64 

2?  4 

179 

S4 

3-1  * 

68 

1)17 

lai 

1)9 

t  Z56 

33  * 

69 

3)4 

184 

.111, 

i  258 

1)8 

87 

3)4 

ia5 

28li* 

'  261 

1)3 

88 

1)10 

189 

3U 

3)2 

3tb* 

93 

164 

19! 

d2 

271 

31  * 

101 

164 

192 

•H 

280 

lol.* 

107 

1)6 

VKt 

71)  * 

3J0 

Ill* 

log 

194 

315 

74 

2‘)tr 

v.-, 

120 

194 

210 

5  4 

297 

19  4 

129 

214 

213 

54 

.100 

■|9  + 

•'1>. 

nitri'star*  li  « 

Ic'nMil  ili'in. 

>!.  Iil.i-sling  1  .Ip;  ' 

!•.  l-lonk'firint:  rifl 

*•  vs  it  h  t  he 

in<li  liite*!  :pirj;4*l.  •  tilTKcl  crcitri); 

4  liirpet  ilrMpper 

6  's.  rln  trir  shtn- 

k  vsith  ih*' 

indit  iiti 

•d  fircr.  \iini|)*Ts  di' si|.'n,ite 

the  t.ircrt,  driiml  it  t'tn .  'ir  pr>mti>in 

••n  !  ine. 

os  Hi 
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Table  C25 


SALVO  II  Target-System  Program  3 


Time, 

cum  see 

Action® 

Time, 

cum  see 

Action® 

Time, 

cum  sec 

Action® 

2 

DIS 

87 

19  4 

198 

S2 

3 

dl2 

96 

194 

199 

018 

6 

ai6 

105 

22b  4 

200 

304 

7 

91 

106 

224 

203 

30* 

10 

94 

116 

014 

210 

28b* 

12 

D7 

117 

214 

,  214 

284 

13 

S5 

119 

21* 

220 

154 

14 

d2 

123 

D13 

223 

154 

16 

10b4 

124 

204 

228 

05 

26 

10* 

142 

20* 

231 

13b  4 

33 

3*4 

144 

S7 

244 

134 

38 

32t 

147 

dl 

248 

14b  4 

43 

334 

1S6 

184 

254 

14  4 

47 

334 

156 

18* 

261 

254 

52 

08 

162 

DIO 

267 

254 

53 

34b4 

163 

09 

272 

244 

65 

344 

164 

29b4 

276 

244 

66 

S6 

171 

29* 

278 

d4 

67 

017 

177 

03 

281 

5b4 

70 

D20 

178 

31bt 

284 

54 

71 

16  4 

194 

31* 

288 

D}9 

79 

164 

195 

Dll 

290 

7b4 

86 

06 

196 

Si 

300 

74 

)^*lb  nitrostvcb  demolitioa;  d,  blastii^  cap;  b,  blank-firing;  rifle  with  the 
tndirMted  target;  *  tsTget  erected;  i  target  S,  eletlric  shock,  with  the 

indicated  firer.  Nnnbera  designate  the  target,  demolition,  or  position  on  line, 
as  appropriate. 


Table  C26 

SALVO  II  Target- System  Program  4 


Time, 
cemn  sec 

Action* 

Time, 
cuni  sec 

Action* 

Time, 

cum  sec 

Action* 

6 

34b4 

90 

Do 

191 

22b4 

18 

344 

91 

10b  4 

194 

224 

23 

334 

101 

104 

196 

dl2 

27 

334 

102 

017 

202 

184 

29 

D3 

103 

d2 

208 

18* 

30 

dl 

104 

08 

211 

06 

31 

S9 

205 

d4 

217 

211 

32 

Dll 

107 

S3 

219 

21* 

34 

324 

loe 

94 

221 

015 

39 

324 

ill 

94 

223 

D19 

45 

D9 

113 

018 

224 

20* 

46 

254 

115 

14b  4 

242 

20* 

52 

254 

121 

144 

247 

014 

55 

S2 

129 

13b  4 

250 

29b  4 

57 

244 

142 

134 

257 

29* 

61 

244 

148 

154 

263 

304 

63 

dl6 

151 

154 

266 

304 

66 

5b4 

156 

013 

273 

28b  4 

69 

54 

150 

194 

277 

28* 

70 

DIO 

170 

194 

280 

020 

71 

Si 

174 

07 

283 

S4 

75 

7b4 

176 

164 

284 

3lb4 

85 

^4 

184 

164 

300 

31* 

*D.  Vlb  oitroatarcb  dcMolotioa;  d,  blasting  cig);  b,  blank-firing  rifle  with  the 
indicated  target;  ^  tan;ct  erected;  4  dropped;  S,  electric  shock  with  the 
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as  appropriate. 
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ELECTRONIC  DATA  REDUCTION 


SALVO  II  firing  data  were  electronically  recorded  on  a  20-channeI 
Esterline -Angus  tape  by  means  of  the  instrumentation  described  in  App  E. 
Allocation  of  the  channels  to  different  events  was  as  follows: 

(a)  Charnel  1,  target  activation  pulses 

(b)  Channel  2,  1-  and  %-sec  time  pulses 

(c)  Channel  3,  target  response  signals 

(d)  Channels  4-8,  hits 

(e)  Channels  9-18,  shots 

(f)  Channels  19-20,  spares 

Tape  velocity  was  modified  to  3  in./sec,  fast  enough  to  aid  resolution  of 
multiple  hits.  Basic  data  reduction  was  accomplished  on  the  Naval  Ordnance 
Laboratory  model  29  Telereader.  The  projected  tape  image  was  magnified 
2  times  so  that  6  in.  (or  1  sec  of  tape  record)  measured  approximately  2540 
Telereader  units.  Measurements  were  made  of  pen  alignment  (zeroing  on  the 
number  2,  or  timing-channel,  pen)  and  of  the  distance  between  second  pulses 
so  that  adjustments  could  be  made  for  any  variations  in  tape  speed.  The  Tele- 
reader  was  checked  for  drift  each  time  the  tape  was  advanced.  It  was  deter¬ 
mined  that  each  operator  could  reproduce  his  measurements  within  one  or  two 
units.  Reading  procedures  were  set  up  that  obviated  excess  cross-hair  manip¬ 
ulation  and  ensured  measuring  all  pen  tracings.  Finally  both  a  punched  card 
and  a  typed  record  of  each  measurement  were  produced  simultaneously. 

The  second  stage  of  the  data  processing  consisted  of  reading  the  cards 
into  the  1103A  computer,  adjusting  each  event  for  pen  alignment,  converting 
the  Telereader  measurements  to  real  time,  and  storing  the  measurements 
on  magnetic  tape  for  rapid  access. 

Sorting  of  all  data  was  accomplished  in  the  computer,  using  punched 
cards.  Some  of  the  distributions  obtained  were  those  of  lag  time,  time  be- 
tv/een  iiits,  time  between  shots,  etc. 

ASSIGNMENT  OF  HITS 

As  mentioned.  Tables  Cl  to  C16  list  hits,  shots,  and  casualties  by  firer, 
target,  and  run.  For  the  salvo  ammunitions  there  are  two  columns  for  each 
target  heading.  The  first  column  lists  (top  to  bottom)  shots,  first-bullet  hits, 
second-bullet  hits,  third-bullet  hits  (in  the  case  of  triplex  ammunition),  and 
casualties.  The  second  column  lists  multiple  (double)  hits  for  duplex  amniunition 
and  (top  to  bottom)  double  hits  by  first  and  second  buliets,  second  and  third 
bullets,  and  first  and  third  bullet  hits  for  triplex  ammunition.  This  is  illustrated 
in  the  unnumbered  table  on  the  following  page. 

Fractional  numbers  in  the  hit  and  overkill  columns  occurred  when  un¬ 
allocated  hits  were  adjusted  by  finer. 

Two  problems  emerged  in  the  assignment  of  hits  on  target— first,  assign¬ 
ment  of  hits  to  a  man,  and  the  second  the  resolution  between  first,  second,  or 
third  bullets  in  a  tandem  round.  With  respect  to  the  problem  of  assignment  of 
hits  to  a  man,  there  is  very  little  error  involved.  The  method  used  was  to 
measure  the  elapsed  time  of  flight  between  the  trigger-pull  record  and  the 
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time  the  target  was  hit  and  to  assign  the  hit  in  terms  of  the  expected  times  of 
flight.  For  example,  if  the  time  of  flight  averaged  0.1  sec  to  a  target,  it  was 
possible  to  determine  the  firer  by  examining  the  trigger  switch  record  for 
0.1  sec  beforehand.  Obviously  the  error  associated  with  this  analysis  is  a 
function  of  the  variability  in  the  measured  time  of  flight  to  the  particular 
target  on  the  one  hand  and  the  time  between  shots  taken  by  the  firers  on  the 
other.  An  examination  of  the  variability  of  the  time  of  flight  for  the  .30-cal 

HIT  RECORD  FOR  FIRER 


Run  5a  (triplex),  target  10 

Run  9  (duplex),  target  13 

Shots 

Multiple  hits 

Shots 

Multiple  hits 

6  (shots) 

1  (triple  hit) 

4  (shots) 

2  (double  hits) 

5  (bullet  1) 

1  (double,  bullets  1  and  2) 

3  (bullet  1) 

2  (bullet  2) 

1  (double,  bullets  2  and  3) 

2  (bullet  2) 

3  (bullet  3) 

0  (double,  bullets  1  and  3) 

2.52  (casualties) 

4.89  (casualties) 


simplex  ammunition  shows  that  it  had  a  standard  deviation  of  approximately 
4  msec  at  targets  7,  9,  and  10  and  about  5  msec  at  target  20.  (Targets  7,  9, 
and  10  were  grouped  because  they  were  approximately  the  same  distance  from 
the  firing  line.  The  different  distances  of  these  targets  from  the  different 
positions  on  the  firing  line  were  taken  out  in  this  computation.) 

The  distribution  of  shots  in  time  was  a  function  of  the  target  location.  In 
general  when  a  near  target  went  up,  the  men  would  see  the  target  simultaneously 
and  fire  nearly  simult^eously.  As  time  went  on  the  density  of  fire  decreased. 
Accordingly  the  greatest  strain  on  allocation  of  hits  occurred  for  the  first  shot 
fired  particularly  at  near  targets.  An  analysis  was  made  of  the  time  between 
the  first  shot  for  each  firer  at  targets  7,  9,  and  10,  and  the  number  of  shots 
that  were  taken  with  less  than  4  msec  between  was  approximately  3  percent  of 
all  the  shots  fired  (see  Table  C29).  Under  these  adverse  conditions,  the  ability 
to  allocate  the  hit  to  a  firer  embodies  approximately  a  3  percent  error.  On 
target  20  the  men  did  not  fire  as  uniformly,  and  the  time  between  shots  from 
one  firer  to  another  tended  to  be  greater.  Approximately  1  percent  of  the  first 
^rounds  fired  at  target  20  occurred  within  less  than  5  msec. 

As  opposed  to  the  relatively  accurate  allocation  of  hits  to  firers,  the 
identification  of  first-,  second-,  and  third-bullet  hits  is  less  precise.  The 
method  for  determining  the  variability  in  time  of  flight  for  first,  second,  and 
third  bullets  for  the  triplex  ammunition  and  first  and  second  bullets  for  the 
duplex  ammunition  consisted  of  identifying  what  are  called  “sure  duplex”  or 
“sure  triplex”  hits.  A  sure  multiple  hit  was  recorded  when  the  target  received 
several  hits  in  appropriate  time  sequence  that  could  have  been  fired  only  by  a 
particular  firer.  Under  these  conditions,  it  was  certain  that  the  first  bullet 
arriving  was  a  front  bullet  and  its  time  of  flight  was  measured  precisely,  the 
second  bullet  arriving  was  the  second  or  third  bullet,  as  the  case  may  be,  etc. 
From  the  times  of  flight  of  the  first,  second,  and  third  bullets  under  these 
conditions  of  certainty,  the  variability  in  the  times  of  flight  of  the  individual 
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bullets  can  be  measured  and  an  estimate  of  the  accuracy  of  allocation  of 
individual  hits  to  the  appropriate  position  in  the  round  can  be  gained. 

Since  it  was  not  possible  to  find  sure  multiple  hits  on  distant  targets,  the 
determination  of  the  variability  in  time  of  flight  for  the  bullets  had  to  be  ex¬ 
trapolated  from  the  closer  targets.  The  time  of  flight  for  .30-cal  triplex  bullets 
fired  at  target  7  is  listed  in  Table  C30  and  is  illustrated  in  Fig.  Cl.  Note  the 


VELOCITY,  FT  SEC 

Fig.  Cl  —  '/'’riotion  in  Velocifins  of  .30-cal  Triplex  Oullcts 

Cosed  on  sore  triplex  hits  on  forget  T. 


overlap  between  the  first,  second,  and  third  bullets.  It  is  obvious  that  if  a  hit 
were  isolated  it  would  not  be  readily  assignable  to  the  first,  second,  or  third 
bullet  without  some  degree  of  error.  This  figure  is  an  example  of  the  errors 
involved.  The  errors  associated  with  the  other  rounds  and  at  different  ranges 
are  given  in  Table  C31. 

In  extrapolating  mean  velocities  and  standard  deviations  for  the  salvo 
ammunitions  for  target  20,  it  is  assumed  that  the  velocities  remain  propor¬ 
tional  within  this  range.  The  accuracy  of  assignment  of  hits  to  the  appropriate 
bullet  can  be  determined  with  this  table. 

DATA  ADJUSTMENT  BY  TARGET 

The  data  presented  in  this  memorandum  are  derived  from  two  sources— 
the  electronic  record  and  the  target-hole  count.  The  electronic  record  agrees 
in  general  with  the  target-hole  count,  but  in  several  instances  the  target  “shorted 
out”  and  the  only  record  is  the  number  of  shots  taken  by  each  man  and  the  num¬ 
ber  of  holes  in  the  target  face.  In  cases  where  the  electronic  record  of  the 
number  of  hits  on  targets  did  not  agree  with  the  count  of  the  actual  number  of 
holes,  efforts  were  made  to  reconcile  this  difference.  Table  C22  lists  the 
causes  and  numlx?r  of  unresolved  hits. 
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Most  of  the  ricochets  were  electronically  recorded,  but  apparently  some 
struck  the  target  without  making  simultaneous  electrical  contact  with  the  front 
and  back  faces  as  explained  in  App  E  and  illustrated  in  Fig.  E3.  The  torn-target- 
face  category  accounts  for  the  fact  that  the  crews  assigned  to  put  up  and  take 
down  the  target  faces  tore  the  paper  and  lost  a  section  of  the  target.  The  re¬ 
maining  category— saturation— occurred  on  triplex  runs,  if  two  firers  fired 
within  12  msec  of  each  other  and  both  of  the  triplex  rounds  hit  the  target,  the 
recording  apparatus  would  be  saturated  because  it  could  only  record  five  hits 
in  the  space  of  12  msec.  This  occurred  only  on  near  targets. 

The  nonrecording  of  hits  was  less  likely  to  occur  than  the  spurious  record¬ 
ing  of  nonhits.  These  cases  of  “noise”  almost  always  occurred  as  an  indication 
of  more  than  one  multiple  hit  occurring  at  the  same  time,  and  unless  two  shots 
had  occurred  nearly  simultaneously  the  extra  indication  would  be  rejected.  The 
possibility  of  acceptance  of  such  noise  as  a  hit  was  slight,  as  is  shown  in  the 
following  section.  The  record  obtained  from  the  target  face  count  also  served 
as  an  additional  check. 


METHOD  OF  ADJUSTMENT  BY  FIREB 

Since  on  some  of  the  targets  it  was  not  possible  to  allocate  hits  accurately 
to  each  firer,  it  was  necessary  to  assign  hits.  The  criteria  used  for  assign¬ 
ment  were  first  the  aiming  error  associated  with  each  firer  and  second  the 
total  number  of  hits  received  by  the  target  from  all  the  firers  as  determined 
by  the  target-face  count.  Knowing  the  error  for  a  firer,  it  was  possible  to  pre¬ 
dict  his  expected  number  of  hits  based  on  the  number  of  shots  he  fired  at  the 
target.  When  all  the  expected  hits  for  all  firers  were  computed,  the  sum  naturally 
differed  slightly  from  the  target-face  count,  and  accordingly  each  number  of 
expected  hits  was  multiplied  by  the  appropriate  ratio  so  that  the  sum  of  the 
assigned  hits  equaled  the  target-face  count. 

In  actual  practice  the  above  method  was  used  without  elaboration  with 
respect  to  the  .30-cal  simplex  rounds.  It  was  necessary  to  assign  not  only  the 
first -bullet  hit  but  also  subsequent  bullet  hits  for  the  duplex  and  triplex  rounds. 
To  do  this  required  the  additional  knowledge  of  the  relative  first-,  second-,  and 
third-bullet  hits  on  each  target.  Accordingly  all  the  sure,  assigned  hits  re¬ 
ceived  by  the  particular  target  were  examined  and  the  relative  proportion  of 
the  first,  second,  and  third  bullets  was  deterniined  for  each  kind  of  amniunition. 
The  final  number  of  assigned  first-,  second-,  and  third-bullet  hits  for  each 
firer  always  had  the  same  ratio  as  determined  by  the  total  hits  of  first,  second, 
and  third  bullets. 

One  additional  problem  of  adjustment  remained— that  of  determining  over¬ 
kills.  The  method  used  was  siniilar  in  principle  to  that  of  determining  first-, 
second-,  and  third-bullet  hits.  The  total  number  of  overkilling  hits  expected 
on  the  Ijasis  of  the  multiple  hits  on  the  other  runs  was  averaged  for  this  run, 
and  these  overkills  were  assigned  to  firers  in  terms  of  their  hit  expectancies. 

For  example,  on  run  10  target  10  shorted  out.  The  total  number  of  .30-cal 
v-jp!ex  rounds  fired  by  and  the  ainiing  error  associated  with  each  firer  were 
known.  The  total  numlier  of  hits  on  the  target,  determined  from  the  target- 
face  count,  was  16,  whereas  the  sum  of  the  expected  hits,  determined  by  com¬ 
bining  aiming  error  for  each  man,  was  14.  Accordingly  all  the  hits  coiiiputed 
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needed  to  be  multiplied  by  16/14.  In  addition,  in  an  examination  of  the  other 
three  runs,  target  10  proved  to  have  received  exactly  as  many  first-  as  second- 
bullet  hits,  and  accordingly  the  total  number  of  first-bullet  hits  assigned  had 
to  equal  that  of  the  second-bullet  hits  assigned.  In  addition  the  average  number 
of  overkills  per  run  was  found  to  be  four,  as  shown  by  the  other  three  runs 
with  this  same  ammunition.  Accordingly  four  overkills  were  apportioned 
equally  among  the  firers,  being  certain  that  no  firer  received  overkills  if  he 
had  not  received  enough  primary  hits  to  have  warranted  an  overkill. 
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The  foregoing  description  of  the  method  of  adjustment  applies  even  when 
a  target  shorted  out  in  the  middle  of  its  exposure  time.  In  such  a  case  the 
time  when  it  shorted  was  determined,  the  total  record  of  hits  and  shots  up  to 
that  time,  was  retained,  and  adjustments  were  made  only  on  subsequent  rounds. 
As  a  matter  of  fact,  this  kind  of  adjustment  occurred  more  frequently  than  the 
adjustment  where  all,  rather  than  a  portion  of,  the  hits  needed  to  be  adjusted. 
This  method  of  adjustment  has  the  advantage  of  being  consistent  with  the  re¬ 
mainder  of  the  analysis.  It  does  not  contribute  to  the  variance,  but  it  does 
reduce  the  degrees  of  freedom.  Inasmuch  as  the  relative  number  of  targets 
requiring  adjustment  was  small  and  the  total  number  of  degrees  of  freedom 
was  large,  it  appears  that  little  or  no  bias  was  introduced  by  this  method  of 
adjustment. 


RATE-OF-FIRE  DATA 


Target-up  and  -doxxn  signals  recorded  on  the  Esterline -Angus  tapes  enabled 
time  to  first  shot  and  shots  fired  after  target  down  signal  was  given  (late  fire) 
to  be  measured  with  an  accuracy  of  0.1  sec.  A  table  of  late  fire  based  on  the 
simplex  runs  is  shown  in  Table  C32,  and  Fig.  C2  illustrates  the  cumulative 
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TIME,  SEC 


Fig.  C2 — Cunulotive  Percentage  of  Time  between  Shots 
for  All  Firers  and  All  Runs 
Tarqet  sixe:  targets  5  ond  7,  3.7  mils;  13,20,  and  21, 

2.4  mils;  2?  to  30,  1.5  mils;  and  31  to  34,  0,9  mils. 


percentage  of  time  between  shots  for  all  firers  on  all  runs.  Each  curve  rep¬ 
resents  one  of  four  main  presented -area -target  groupings.  The  targets  not 
shown  in  the  figure  fell  between  these  curves  according  to  their  presented 
areas.  A  discussion  of  average  time  to  first  shot  appears  in  the  main  body 
of  this  memorandum. 
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AIMING  ERROR 

The  over-all  error  associated  with  the  firing  of  the  rifles  is  referred  to 
in  this  memorandum  as  aiming  error,  since  all  other  weapon  and  environmental 
sources  of  inaccuracy  are  trivial  in  comparison.  For  the  reasons  given  in  the 
subsection  “Amniunition  Differences”  in  the  body  of  this  memorandum  the  .22- 
cal  simplex  and  flechette  ammunitions  are  omitted  from  the  analysis  given  in 
this  appendix. 

The  method  used  in  determining  the  over -all  aiming  error  for  the  firers 
in  the  SALVO  11  experiment  is  an  extension  of  that  used  in  the  SALVO  I  re¬ 
port.^  It  is  assumed  that  (a)  the  targets  are  circles  with  the  same  equivalent 
areas  as  the  E  or  F  targets,*  (b)  the  firers  aim  at  the  center  of  each  target, 
and  (c)  the  errors  have  a  circular  nornial  probability  distribution.  Error  was 
computed  using  the  following  equation: 

<7  =  x/-TV(2Iii)(1-  I’) 

where  T  =  angular  target  size  and  p  =  hit  probability. 

In  computing  errors  for  individual  firers  in  SALVO  II,  targets  were 
grouped  in  angular  size  ranges, and  hit  probabilities  v/ere  examined  for  each 
target  group  (instead  of  using  an  average  target  size  and  the  over -all  hit 
probability  for  the  entire  system). 

The  aiming  error.s  for  multiple-bullet  ammunitions  can  be  computed 
similarly  by  use  of  hits  obtained  from  the  first  bullets.  Table  D1  shows  the 
aiming  errors  associated  with  the  different  firers  and  ammunitions.  The 
aiming  errors  for  the  .30-cal  simplex  ammunition  are  used  to  represent  the 
firers  in  the  discussions  throughout  the  report  with  the  exceptions  of  Figs. 

5  to  7.  It  was  not  possible  to  subtract  ricochets  from  the  hits  obtained  by 
individual  firers,  and  as  a  result  the  estimates  of  the  true  aiming  errors  are 
low. 

Salvo  theory  implies  that  the  gain  to  be  derived  from  the  use  of  multiple- 
bullet  ammunitions  becomes  greater  as  the  aiming  error  increases  (see  the 
subsection  “Firer  Accuracy  and  Gain  from  Salvo  Ammunitions”  and  Figs.  5 
to  7).  Table  D2  compares  the  gain  in  casualties  with  each  firer’s  individual 
aiming  error  (as  measured  by  .30-cal  simplex  ammunition).  The  correlation 
r  between  aiming  error  and  salvo-ammunition  casualty  gains  was  computed 
for  the  various  ammunitions  and  is  also  shown  in  Table  D2.  As  expected  the 
coefficient  of  correlation  r  is  quite  large  and  indicates  a  significant  relation 
between  these  two  variables.  (Salvo  gain  relative  to  first-bullet  hits  is 
presented  in  Figs.  5  to  7.) 

*ln  tlie  iiiniinfi-rrnir  compiitiitions  lar^pl  .size  is  pxprr.ssril  as  largpl  rn<lius  in  mils. 
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Table  PI 

Aiming  Krror  for  Individual  Firers 


(Uicochets  included) 


Ammunition 
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M  < 

17 

3.70 
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3.60 
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Table  02 


Correlation  between  Aiming  I-Ihror®  and  Salvo- Ammunition 
Casualty  Gains 


Firer 

Aiming  error, 
(mils) 

Casualty  gains,  % 

.30"cal  duplex 

ammo 

.30-cal  triplex 
ammo 

.22"Cal  duplex 
ammo 

1 

1.97 

36 

21 

47 

3 

2.12 

0 

10 

20 

6 

2.30 

17 

26 

19 

16 

2.37 

27 

35 

17 

4 

2.40 
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13 

12 

15 

2.46 

0 

-12 

“4 

13 

2.54 

22 

-5 

17 

5 

2.68 

52 

37 

89 

12 

2.73 

-37 

-2 

35 

8 

2.81 

15 

-5 

25 

18 

2.86 

11 

-7 

19 

11 

2.93 

36 

17 

111 

10 

3.06 

44 

33 

50 

14 

3.12 

51 

39 

71 

9 

3.41 

48 

-10 

47 

19 

3.52 

81 

12 

17 

20 

3.55 

53 

45 

107 

7 

3.59 

137 

100 

93 

2 

3.67 

100 

106 

90 

17 

3.70 

131 

76 

190 

r  « 

0.747 

0.549 

0.628 

®Dased  on  simplex  bit  probability,  ricochets  included. 
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It  is  not  possible  to  give  individual  estimates  by  firer  of  the  aiming  error 
on  particular  targets  because  of  the  relatively  small  number  of  shots  taken  by 
a  single  firer  at  i  single  target.  It  is  possible,  however,  to  estimate  the  aver¬ 
age  aiming  error  lor  20  firers  on  each  target;  this  error  is  given  by  target 
for  .30-cal  simplex  ammunition  in  Table  D3.  These  targets  were  grouped  to 
include  one  to  three  targets  of  approximately  equal  angular  size.  In  this  case 
it  was  possible  to  exclude  ricochets  since  they  could  be  identified  on  individual 
targets  and  then  subtracted  from  total  hits. 
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/Aiming  I  jiiiOK  for  Indiviouai.  Tahckt.s 
Using  .30-cal  Simpi.kx  /Ammunition 


'rargel 

Aiming  error,  mils 

Including 

ricochets 

Kxcluding 

ricochets 

.s 

3.71 

4.23 
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2.98 

3.43 
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2.77 
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5.90 
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6.95 
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3.76 

25 

2.63 

3.62 

28 
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29 

2.41 

2.47 

.10 

2.84 

5.94 

11 

3.00 

3.34 

32 

2.02 

2.02 

.13 

.3.20 

3.20 

.14 

2.05 

2.25 

Moan,  mils  2.04^’ 

3.19 

3.66 

'*Movin(;  targets. 
^*Mnan  targ<*t  size. 


AIMING  ERROR  COMPARED  WITH  OTHER 
MEASURES  OF  PERFORMANCE 

The  SALVO  II  target  system  was  designed  to  simulate  combat  in  several 
ways,  c.g.,  the  firers  did  not  know  how  long  the  targets  would  be  up.  They 
were  instructed  to  get  as  many  hits  on  each  target  as  possible,  and  accordingly 
the  men  paced  themselves,  some  firing  more  rapidly  than  others,  some  hasten¬ 
ing  off  their  first  shots  at  each  target,  and  some  trying  to  fire  as  quickly  as 
possible.  This  feature  of  the  SALVO  II  target  system  is  in  contrast  to  the 
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tablf.  ns 

CORHKI.ATION  HtTWEFN  AIMING  I^RKOR  AND  MEDIAN  I'lME 

BETWEEN  Shots  for  .30- cal  .Simplex 
{M2  ball)  Ammunition 


F'irer 

Aiming  error  for 
all  shots,  mils 

Median  lime  between 
shots,  sec 

1 

1.97 

1.64 

3 

2.12 

1.60 

6 

2.30 

1.35 

16 

2.37 

1.98 

4 

2.40 

1.51 

15 

2.46 

1.32 

13 

2.54 

1.32 

5 

2.68 

1.40 

12 

2.73 

1.36 

8 

2.81 

1.38 

18 

2.86 

1.74 

11 

2.93 

1.39 

10 

3.06 

1.50 

14 

3.12 

1.37 

9 

3.41 

1.27 

15 

o  r 

1.60 

20 

3.55 

1.50 

7 

3.59 

1.36 

2 

3.67 

1.63 

17 

3.70 

1.52 

r  =  0.143 

Table  1)6 


('X)RRELA'nON  BETWEEN  KxPERIMENTAL  AND  PREDICTED  DUPLEX 
Hit  1’robabilitie„s  Dased  on  .30  cal  .Simplex 
Aiming  Krrors  per  Target  Croup'"’ 


Target  group 

Hit  probability 

Theoretical 

Kxperitnenl  al 

.  22-caI  dupirx 

.3()*cal  duplex 

5,  7 

.725 

.805 

.868 

9 

1.024 

1.109 

1.029 

10 

.812 

.698 

.860 

13,  20.  21 

.516 

.367 

.434 

I  t,  15.  22 

.374 

.2'16 

.348 

16,  18.  19 

,364 

.543 

.356 

24.  25 

.106 

.121 

.107 

28,  2').  .10 

.287 

.210 

,185 

31 

.0843 

,0157 

.0681 

32,  33.  34 

.122 

.0.353 

.0519 

r  =- 

.955 

.958 

'I'lM’hrt  hits  rxclllilrd. 
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PREDICTIONS 

Duplex  casualties  were  predicted  using  an  extension  of  the  method  outlined 
in  ORO-T-378  (Ref  1,  p  322).  Aiming  errors  per  target  group,  ricochets  ex¬ 
cluded,  were  used  in  computing  predicted  duplex  hits  and  casualties.  Predictions 
were  made  for  first-  and  second-bullet  hits  and  double  hits.  Casualties  were 
computed  as  described  in  the  body  of  this  memorandum  (see  the  subsection 
“Ammunition  Differences”).  Predicted  duplex  casualties  were  plotted  against 
over-all  aiming  errors  for  the  20  firers.  These  predictions  are  displayed  in 
Figs.  5  and  6. 

Table  D6  presents  duplex  hit-probability  predictions  for  each  of  the  10 
target  groupings  ?nd  a  comparison  of  these  predictions  with  the  actual  .30- 
and  .22  -caj  duplex  results.  Because  the  analysis  here  was  by  target  rather 
than  by  firer,  it  was  possible  to  extract  ricochets.  The  high  correlation  be¬ 
tween  the  predicted  and  experimental  hit  probabilities  illustrates  the  accuracy 
of  the  prediction  technique.s.  Theoretical  hit  probabilities  were  based  on  target 
size  and  aiming  errors  by  target  groups  as  given  in  Table  D7  (excluding  rico¬ 
chets).  The  predicted  and  experimental  hit  probabilities  showii  in  Table  9  are 
based  on  total  hits  and  shots  for  each  duplex  ammunition. 


Table  n? 

.30-cal  Simplex  Aiming  EnnoR  by  Target  Group 


Target-group 
size^  mils 

Aiming  error,  mils 

Target  group 

Including 

ricochets 

Excluding 

ricochets 

9 

4.406 

3.33 

3.58 

5.  7 

3.489 

3.13 

3.57 

10 

2.982 

2.43 

2.77 

16,  18,  19 

2.353 

3.52 

3.58 

13,  20,  21 

2.260 

2.37 

2.82 

14,  15,  22 

2.043 

2.82 

3.03 

28,  29,  30 

1.516 

2.33 

2.47 

24,  25 

1.278 

■  2.71 

3.65 

31 

1.023 

3.00 

3.35 

32,  33,  34 

0.824 

2.20 

2.32 

Me  cm 

2.22 

2.78 

3.11 

EXPERIMENTAL  CURVE  AND  CONFIDENCE  BOUNDS 

Confidence  Bounds  for  Salvo  Gains 

For  each  of  the  ammunitions  in  SALVO  II  an  average  number  of  hits  per 
shot  was  computed  and  the  gain  of  multiple-ball  over  single-ball  ammunition 
was  determined  (see  Table  6).  This  increased-effectiveness  figure  depended 
on  the  ratio  of  2  percentages,  both  of  which  were  obtained  in  the  experiment 
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and  were  subject  to  sampling  error.  As  a  result  the  conlidence  limits  on  the 
gain  of  salvo  ammunitions  were  obtained  througli  the  use  of  the  variance  ratio, 
a  statistical  technique  derived  for  this  purpose.  The  variance  ratio  is  defined 
as  follows: 


"r  "  [(vVn)  +  (vVm)  -  2(p  V,Vy/v^ 


(D2) 


where  R  =  r,/P 


f’x  = 


num^r  of  hits/number  of  shots,  for  i  variable 


V"  =  a Vl>^  =[!',,  (1  -  P,)l/P^  -d  -  P,)/P, 


n 

m 


and* 


where  K 
Vi 

X 


‘'y  - 


sample  size  of  i  variable 
sample  size  of  y  variable 

K 

p  =  i  [(ij  -  T)  (y,  -  y)l/[(K  -  1)  a,  Oy] 
i  =  l 

number  of  men  firing 

number  of  hits  by  the  ith  firer  of  the  i  type  of  ammunition 
number  of  hits  by  the  i  th  firer  of  the  y  type  of  ammunition 
average  number  of  hits  for  the  group  of  firers  of  the  x  type  of 
ammunition 

average  number  of  hits  for  the  group  of  firers  of  the  y  type  of 
ammunition 

standard  deviation  of  x  hits 


=  standard  deviation  of  y  hits. 


The  95  percent  confidence  limits  on  the  gain  in  hit  probability  (l\/l’y) 
are  now  expressed  as: 

l%/Pyil.96ap 


Confidence  Bounds  for  Experimental  Hit  Probability 

The  95  percent  confidence  bounds  for  experimental  values  (.396)  of 
Table  9  are  extrapolated  from  Table  XI  of  Ref  11  (two-sided  95  percent  con¬ 
fidence  limits  for  the  binomial  distribution). 

Curve-Fit  Technique  for  Percentage  Gain  vs  Aiming  Error 

Theoretically  the  plot  of  relative  percentage  gain  f(Py  -  Py)/p^  ]  aiming 
error  should  begin  at  zero  and  increase,  as  the  error  increases  without  bound, 
in  the  shape  of  an  exponential  curve  becoming  asymptotic  to  a  maximum  value 
A  (A  >  0)  (see  Fig.  Dl). 

Empirical  Curve 

The  first  problem  was  to  select  an  analytically  describable  curve  that  has 
most  of  the  properties  of  the  theoretical  curve  and  that  would  .also  yield  a 
satisfactory  solution.  The  “logistic  curve”“  satisfies  the  properties  with  the 

*p  is  a  (limrnsinnii’ss  corTrintion  of  hits  hy  a  partiouhir  firrr  *»f  twt)  lyprs  of  aranaini lion. 
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exception  of  a  nonzero  value  at  the  origin.  Since  the  data  begin  at  an  error  of 
2  mils  and  are  not  extrapolated,  this  difficulty  at  the  margin  is  of  little  consequence. 

I'  =  l/(flQ  4-  flj 

where  P  =  percentage  gain 

I-  =  aiming  error  in  mils 

*/(i^  =  unknown  upper  asymptote 

(“i  Aq)  locates  the  abscissa  of  the  point  of  inflection 

An  elementary  transformation  is 

y  =  1/P 

X  =  e~^ 

Equation  D3  then  reduces  to 

“o  +  “i  ^  =  y  (D4) 


This  is  the  equation  of  a  straight  line  and  yields  a  solution  by  regression 
analysis.  This  is  accomplished  by  the  simultaneous  solution  of  the  two  normal 
equations 


“  “0 


/r\c\ 


n  2 

Si,  a„  +  Sx,  a,  -  Sx,  y, 
1=1'  (-1*  1 


(D6) 


The  Xj  and  y,  values  represent  the  transformed  coordinates  of  the  original 
data  set  of  observations.  Such  a  solution  is  very  desirable  because  points 
in  the  upper  portion  of  the  original  plane  tended  to  vary  greatly  and  were 
weighted  very  lightly  in  the  transform  plane.  These  curves  of  average  gain 
are  shown  in  Figs.  5  to  7. 


Fig.  Dl— Plot  of  Relofive  Percenfoge  Goins  vs  Aiming  Error 


Variance  about  the  Curve  for  Relative  Gain  vs  Aiming  Error 

Confidence  bounds  that  would  satisfy  requirements  apparent  in  the  data, 
such  as  the  relation  of  scatter  to  the  magnitude  of  the  observed  value,  were 
needed  about  this  curve.  The  bounds  also  had  to  reflect  a  divergence  as  the  x 
coordinate  moved  from  the  average  aiming  error.  The  above  requirements 
were  satisfied  in  the  technique  for  confidence  bounds  using  the  i  distribution." 
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The  equations  are  as  follows: 


upper  houn<l  =  Y  j  —  I  Vh '+  [(*  j  —  5)  "(*  j  —  l)  “ 

.  =  1 


lower  bounil  =  -  I  025**  ■*  hij  -  I )  ^  *  j  - 

i  =  1 


where  t  =  95  percent  confidence  value  in  the  above  equations 


S  =  x/l"  (Yj  -  Y.)2/(n  -  2) 
i=  1 

Y|  =  jth  general  value  on  the  fitted  straight  line  in  the  transform 
plane 

Yj  =  i  th  value  on  the  fitted  straight  line  in  the  transform  plane  that 
coincides  v/ith  some  observed  y-coordinate  value 
>j  =  transformed  ordinate  value  of  an  observation 
tj  =  transformed  abscissa  value  of  an  observation 
T  =  average  transformed  abscissa  value 

-  associated  abscissa  value  to  some  general  Y,  that  can  aesume  any 
value  within  the  range  of  definition 


The  reversal  of  sign  on  the  bounds  is  caused  by  reversing  the  curve  during  the 
transformation  into  the  original  plane. 


CORRELATION  ANALYSIS 

The  design  of  SALVO  n  was  based  on  the  experimental  design  used  in 
the  earlier  (SALVO  I)  experiment.  In  the  develop.ment  of  this  second  experi¬ 
ment,  changes  were  made  to  facilitate  both  data  recording  and  weapons  test¬ 
ing.  The  most  important  of  these  changes  occurred  in  the  average  target - 
exposure  time.  In  SALVO  II  the  a/erage  target-exposure  time  was  two-thirds 
that  in  SALVO  I.  In  the  experimental  design  the  basic  ammunition  variables 
had  an  orthogonal  balance,  and  the  total  variation  was  to  be  separated  into 
the  various  components  to  measure  the  aniiriunition  comparisons.  Some  of 
the  minor  variables  were  not  orthogonally  balanced  in  the  experimental  de¬ 
sign,  and  it  was  planned  to  use  a  simple  correlation  analysis  for  their  sepa¬ 
ration  and  measureiiient. 

Unfortunately  the  inaccuracy  of  the  .22-cal  simplex  ammunition  eliminated 
oiie  of  the  control  ammunitions  and  forced  the  experiment  into  a  nonorthogonal 
design  that  could  not  be  investigated  with  the  use  of  the  standard  techniques 
of  analysis  of  variance.  In  the  experiment  as  it  was  run,  there  was  no  possi¬ 
bility  of  obtaining  interactions  between  the  variables.  Since  the  analysis  of  a 
nonorthogonal  experiment  is  very  similar  to  correlation  analysis  and  since  a 
multiple-correlation-analysis  routine  became  available  for  the  high-speed 
computing  facilities  at  ORO,  this  statistical  technique  was  u.sed  for  the  entire 
analysis. 

The  techniques  of  correlation  analysis  and  analysis  of  variance  are 
closely  related;  by  successive  elimination  of  variables  it  is  possible  to  step 
from  correlation  analysis  to  analysis  of  variance.  The  latter  results  are 

104  ORO-T-397 


CONFIDENTIAL 


CONFIDENTIAL 


equivalent  to  those  from  correlation  analysis,  and  illustrations  of  the  technique 
are  shown  in  Tables  D8  and  D9.  The  square  of  the  multiple  correlation  coef¬ 
ficient  is  called  the  “coefficient  of  multiple  determination”  and  gives  the  pro¬ 
portion  of  the  total  variation  that  can  be  accounted  for  by  the  variations  in 
the  independent  variables.  As  the  variables  are  eliminated,  the  amount  of 
variation  that  can  be  attributed  to  each  is  reflected  in  changes  in  this  coeffi¬ 
cient  of  multiple  determination.  This  process  is  followed  in  both  tables.  The 


Tabi.f:  ns 

rORnKLATIOV  ANAI.YSIS  AND  AN.AI.YSLS  OF  VaRIANCF.  OF  SHOTS 
I’lHF.D  AT  TaHGCT  APPF.ARANCES 


Amount  of 

Degree  of 

Source  of  variottun 

variation 

freedom 

Variance 

F  ratio 

Exposure  time 

76,548 

1 

76,548 

743.47® 

Angular  target  size 

3,787 

1 

3,787 

36.80“ 

Target  movement 

1,647 

1 

1,647 

16.01“ 

Target  type 

1,129 

1 

1,129 

10.98“ 

Target  visibility 

4 

1 

4 

0.04 

Unexplained  vEiriation 

26,546 

258 

103 

Total  variation 

109,661 

263 

417 

^Significant  at  the  O.l  percent  level. 

Table  09 

Correfation  Anai^ysis  and  Analysis  of  Variance  of 

First- 

Bullet  Hits  on  Tarcct  Faces 

Amount  of 

Degree  of 

Souice  of  variation 

Viu-iation 

freedom 

Variance 

F  ratio 

Shota  fired 

10,627 

1 

10,627 

494.7“ 

Anpilur  tarf'et  size 

2,698 

1 

2,698 

125.6“ 

Target  visibility 

163 

1 

163 

7.6*^ 

Target  movement 

309 

1 

309 

14.4“ 

Unexplained  variation 

5,.553 

259 

21 

Total  variation 

19.350 

263 

73 

‘*Sif;nificnnt  nt  the  0.1  percent  level, 
^ipnifiennt  at  the  1  percent  level. 


variance  is  the  error  term  divided  by  the  degrees  of  freedom,  and  the  F  ratio 
is  computed  with  the  unexplained  variance  in  the  denominator;  there  is  no  ad¬ 
vantage  in  combining  the  estimated  variances  of  insignificant  factors. 

Tables  D8  and  D9  show  the  division  of  the  total  variance  into  the  assigned 
causes.  Table  D8  presents  the  results  of  the  analysis  of  shots  fired  at  each 
target  appearance.  The  exposure  time  in  seconds  and  the  angular  presented 
area  in  mils  are  the  two  most  significant  variables  out  of  the  five  used  in  the 
prediction  equations.  Target  movenjent  and  target  type  are  both  highly  sig¬ 
nificant  variables;  target  visibility,  in  terms  of  the  percentage  that  is  not 
concealed,  is  not  an  important  variable  for  the  prediction  of  shots  fired.  Target 
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movement  and  target  type  are  both  treated  as  discrete  variables;  the  target 
either  moves  or  it  is  stationary.  The  target  is  either  an  E-  or  an  F-type  tar¬ 
get.  Table  D'j  shows  the  results  of  the  same  sort  of  analysis  of  the  hits  ob¬ 
tained  from  the  first  bullets  of  the  salvo  ammunitions.  The  data  for  this  table 
are  obtained  from  the  hits  of  all  .30-cal  simplex  ammunitions  and  those  from 
the  first  bullets  of  all  .22-  and  .30-cal  duplex  firings.  In  this  instance  target- 
exposure  time  and  target  tj^pe  are  not  of  importance  in  the  prediction  of  hits 
obtained  on  a  target.  These  two  variables  are  closely  enough  associated  with 
the  number  of  shots  fired  that  they  could  be  eliminated  from  the  prediction 
equations.  Additional  corrections  have  to  be  made  for  the  angular  presented 
area  of  the  target  and  for  both  target  visibility  and  target  movenient. 

The  five  basic  independent  variables— exposure  time,  target  type,  target 
movement,  visibility,  and  presented  angular  area  of  the  target— are  all  im¬ 
portant  variables  in  the  prediction  of  either  shots  fired  or  hits  obtained.  In 
the  prediction  of  hits  obtained,  the  use  of  shots  fired  as  a  variable  adequately 
combines  exposure  time  and  target  type,  but  not  target  movenient,  visibility, 
or  presented  angular  area.  These  last  three  variables  affect  the  accuracy 
of  firing  but  not  the  volume. 

Computer  Program 

The  initial  computations  in  the  correlation-analysis  program  determine 
the  averages  and  standard  deviations  for  each  of  the  variables  and  the  corrected 
sum  for  each  pair  of  variables.  This  corrected  sum  is  occasionally  referred 
to  as  a  large  covariance;  it  is  the  sample  size  times  the  covariance.  The 
simple  correlation  coefficients  are  then  obtained  from  these  corrected  sums 
of  pairs  and  the  standard  deviations  of  the  variables.  The  resulting  matrix 
of  correlation  coefficients  is  inverted  in  order  to  obtain  the  multiple  correla¬ 
tion  coefficient,  its  square,  and  the  standard  error  of  estimate.  The  standard¬ 
ized  regression  coefficients  appear  as  latios  of  elements  of  the  inverse  matrix, 
and  the  regular  regression  coefficients  are  determined  froni  the  standardized 
coefficients.  The  constant  of  the  regression  equation  is  obtained  through  a 
back  solution  utilizing  the  averages  of  each  variable  and  the  regression  coeffi¬ 
cients  of  these  variables.  In  the  final  computation  the  partial  correlation  co¬ 
efficients  appear  as  ratios  of  elements  in  the  inverse  matrix,  and  a  (  test  is 
determined  on  the  significance  of  the  regression  coefficients.  The  simple- 
correlation  coefficient  measures  this  same  relation,  but  takes  into  account 
any  interactions  with  other  variables.  The  multiple  correlation  coefficient  is 
a  measure  of  the  tOts.1  rclcili  on  between  the  dependent  variable  and  all  the  in¬ 
dependent  variables.^’ 

Table  DIO  gives  the  standard  deviations  of  the  dependent  variables  for 
three  test  ammunitions  and  .30-cal  simplex  ammunition.  The  standard  devia¬ 
tion  is  also  shown  for  the  grouped  data  from  first  bullets.  These  standard 
deviations  are  computed  on  the  basis  of  n  degrees  of  freedom;  the  total  vari¬ 
ance  in  Tables  D8  and  D9  is  computed  on  the  basis  of  n-1  degrees  of  freedom. 

The  standard  error  of  estimate  for  each  of  the  dependent  variables  is  also 
shown  in  Table  DIO.  This  standard  error  is  the  square  root  of  the  remaining 
variance  that  cannot  be  explained  through  the  actions  of  the  independent  variables. 
This  remaining  variance  is  computed  on  a  basis  of  n  /c  degrees  of  freedom  in 
Tables  D8  to  DIO,  k  being  the  number  of  variables  in  the  correlation  analysis 
and  the  number  of  constants  in  the  regression  equation. 
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The  aver:  .ges  and  standard  deviation  of  the  independent  variables  are 
constant  throughout  the  experiment;  they  are  given  in  Table  Dll.  The  target 
subtense  is  the  radius  of  a  circle  equivalent  in  area  to  the  target,  divided  by 
the  range  of  the  target.  For  such  small  angles  as  these,  the  tangent  of  the 
angle  is  equal  to  the  radian  measure  of  the  angle  itself.  This  target  subtense 
can  also  be  considered  as  the  presented  angular  area  of  the  target.  The  target 
movement  is  a  discrete  variable;  in  the  analysis  0  indicated  a  stationary  target 
and  1  indicated  a  moving  target.  The  target  size  is  also  a  discrete  variable 
with  1  indicating  an  E-type  target  and  2  indicating  an  F-type  target. 


Table  DlO 

Standard  IIeviations  and  Standard  Errors  of  Estivate 
FOR  Shots,  IIts,  and  Casualties 

(Obtained  cn  individual  tar^t  appearances) 


Ammunition 

Shots 

Hits 

Casualties 

Standard 

deviation 

1 

Standard 
error  of 

estimate 

Standard 

deviation 

Standard 
error  of 

estimate 

Standard 

deviation 

Standard 
error  of 

estimate 

First  bullet 

20.38 

10.14 

8.56 

5.82 

— 

— 

.3(Fcal  simplex 

20.98 

10.78 

8.75 

4.41 

6.12 

3.08 

.30-cal  duplex 

20.23 

6.54 

16.63 

10.58 

8.69 

4.57 

.22-cal  duplex 

19.91 

12.33 

14.91 

8.11 

10.35 

6.51 

.30-cal  triplex 

20.90 

9.77 

16.84 

9.45 

8.35 

4.58 

Table  Dl 1 

Averages  and  Standard  Deviations 
OF  Independent  Variables 


Variable 

Deviation 

Average 

Standard 

Angular  target  size,  mils 

2.04 

0.92 

Fxposore  time,  sec 

7..534 

4.629 

Target  type,  E  or  F 

1.477 

0.499 

Tai|;et  visibility,  % 

82.102 

20.598 

Target  movemeat,  0  or  1 

0.136 

0.343 

Correlation  Coefficients 

The  multiple  correlation  coefficient  that  was  obtained  in  each  of  the 
correlation  analyses  is  shown  in  Table  D12.  This  correlation  fcoefficient  was 
adjusted  for  both  the  sample  size  and  the  number  of  constants  in  the  regression 
equation.  A  standard  F  test  of  the  form 

F  =  -  1) 

where  R  is  the  multiple  correlation  coefficient,  n  is  the  sample  size,  and  fe  is 
the  number  of  variables  in  the  correlation,  was  used  to  test  the  significance 
of  the  correlation.  All  the  resulting  F  test  values  are  significant  at  the  0.1 
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percent  level,  and  the  use  of  the  regression  equation  is  a  very  real  advantage 
in  reducing  the  unexplained  variation. 

The  proportion  of  variance  remaining  is  shown  in  Table  D13.  This  is 
sometimes  called  the  coefficirnt  of  nondetermination  because  it  measures 
the  variation  that  is  not  explained  by  the  independent  variables.  Again  adjust¬ 
ments  were  made  for  belli  sample  size  and  the  number  of  constants  in  the  re¬ 
gression  equations.  The  uncorrected  coefficient  can  be  obtained  as  the  square 
of  the  ratio  between  the  standard  error  of  estimate  and  the  standard  deviation 
given  in  Table  DIO. 


Table  ni2 

Anju.'jiEn  Multipi.e  Gokreij\tion  Coefficient® 


\niinunition 

Predicted 

variable 

Shots 

i 

I'irsl  bullets 

0.867 

0.737 

_ 

.30-cal  simplex 

0.860 

0.866 

0.866 

.3Q-ca]  duplex 

0.947 

0.774 

0.852 

.22-cal  duplex 

0.788 

0.841 

0.780 

.SCbcal  triplex 

0.886 

0.830 

0.838 

®A11  figures  are  significant  at  the  0.1  percent  level. 


Table  11 13 


ADJUSTEO  (OKEEICIENT  of  iNONDETEUNBNATION 


Ammunition 

Predicteil  variable 

Slitds 

Hits  j 

Casualties 

F  irst  bullets 

0.248 

0.457 

- 

.30-ctil  simplex 

0.261 

0,251 

0.249 

,30-cal  duplex 

0.103 

0.400 

0.273 

.22-cal  duplex 

0.379 

0.293 

0.391 

.SO-cal  triplex 

0.216 

0.311 

0.298 

No  single  measure  of  the  importance  of  the  relation  between  an  independ¬ 
ent  variable  and  the  dependent  variable  exists.  The  partial  correlation  coeffi¬ 
cient  is  a  measure  of  the  estimated  change  of  the  dependent  variable  for  a  unit 
change  in  the  independent  variable  when  both  variables  are  adjusted  for  pos¬ 
sible  interactions  of  other  variables.  The  square  of  the  partial  correlation 
coefficient  is  a  measure  of  the  relative  importance  of  each  variable  on  the 
actions  of  the  dependent  variable.  Unfortunately  the  total  of  the  squares  of 
the  partials  is  not  equal  to  the  square  of  the  multiple  correlation  coefficient, 
and  the  individual  predicting  the  variables  either  overexplains  or  does  not  fully 
explain  the  total  relation.  The  total  of  the  coefficients  of  separate  determina¬ 
tion,  sometimes  called  the  “r  betas,”  does  equal  the  square  of  the  multiple 
correlation  coefficient,  but  some  of  the  individual  terms  are  often  negative. 

The  elimination  of  variables  from  the  analysis  is  one  of  the  most  satisfactory 
methods  of  determining  the  separate  effect  of  a  particular  variable,  but  the 
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magnitude  of  the  effect  depends  to  a  considerable  extent  on  the  order  in  which 
variables  are  eliminated.  The  partial  correlation  coefficient  is  probably  the 
best  measure  of  relations  between  individual  variables;  there  is  no  good  meas¬ 
ure  of  any  relation  between  the  dependent  variable  and  combinations  of  inde¬ 
pendent  variablef . 

Tables  D14  and  D15  give  the  complete  matrix  of  partial  correlation  co¬ 
efficients  and  regression  equations  for  the  analysis  of  first-bullet  data  and 
shots  fired  at  the  target.  The  matrix  of  partial  correlation  coefficients  for 
shots  fired  is  fairly  stable  for  all  ammunitions;  there  is  no  significant  differ¬ 
ence  between  ammunitions  for  them.  The  partials  from  the  analysis  of  first- 
bullet  hits  are  similar  only  to  those  from  the  analysis  of  simplex  ammunition. 


Table  1)14 

l^ARTiAL  Correlation  CjOefficients  for  Shots  Fired 


Variable 

Shots 

(x,) 

Si  2e 
(Xj) 

Exposure  ! 

time 

(X3) 

Target 

type 

(X4) 

i  nrget 

concealment 

(X5) 

T  arget 

movement 

(Xg) 

Partial  correlation  coefficient 

Shots 

1.000 

0.334 

0.813 

-0.198 

-0.013 

0.284 

Size 

1.000 

-0..346 

0  1.3.5 

-0.08^ 

-0.039 

Flxposure  lime 

1.000 

0.194 

-0.293 

-0.051 

Type 

1.000 

0.137 

0.369 

Concealment 

1.000 

0.334 

Movement 

1.000 

Variable 

Regression 

I  equation 

Shots 

5.044  + 

0.244 “xj 

+  3.614“xj  -  4.,522\  -  O.OOBXj  +  10.318“ 

“Significant  at  the  0.1  percent  level. 
^’Significant  at  the  1  percent  level. 


This  full  display  of  the  matrix  ! 


shc’A’r.  as  an  illustration  of  the 


confusing  effects  of  the  nonorthogonality  that  resulted  from  the  loss  of  the 
control  ammunition.  No  partials  should  have  existed  between  independent 
variables,  only  between  the  dependent  and  the  independent  variables.  In  the 
regression  equation  for  hits,  Xj  is  the  number  of  shots  fired.  The  remaining 
variables  in  the  regression  equations  are: 

(a)  x^,  angular  area  of  the  target,  in  mils 

(b)  Xg,  exposure  time,  in  seconds 

(c)  x^,  size  of  target— 1  indicating  an  F-type  target  and  2  indicating  an 
E-type  target 

(d)  Xj,  percentage  of  the  target  that  is  not  covered  by  camouflage 

(e)  x^,  indication  of  the  target  movement— 0  indicating  a 'stationary  target 
and  1  indicating  a  moving  target 

These  same  subscripts  are  used  in  all  the  regression  equations  that  follow. 

Table  D16  shows  the  correlation  analysis  for  the  shots  fired;  Table  D17 
shows  the  correlation  analysis  for  hits  obtained;  and  Table  D18  shows  the 
correlation  analysis  of  casualties  obtained.  In  each  table  the  simple  correla¬ 
tion  coefficients,  partial  correlation  coefficients,  and  regression  equations  are 
shown  for  each  ammunition. 
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Table  015 

I'AP'i.  AL  COHHELATION  COEFFICIEN.TS  FOR  FlRST-BULLET  IllTS 


Variable 

Face 

count 

Size 

(*2) 

Exposure 

time 

(13) 

- 1 

Target 

type 

U4) 

Target 

concealment 

(15) 

Target 

move  me  nt 

(X6) 

Partial  correlation  coefficient 

Face  count 

1.000 

0.604 

0.626 

-0.169 

0.180 

0.017 

Size 

1  000 

-0.461 

0.160 

-0.183 

0.039 

Exposure  time 

A.OOO 

0.149 

-0.513 

0.242 

Type 

1.000 

0.168 

0.331 

Concealment 

1.000 

0.335 

Movement 

1.000 

Variable 

Regression  equation 

Hits 

-  8.88 

+  0.29.9“i2 

+  1.187“x3  - 

2.192*’r4  + 

0.063 +  0.3,32 

.bx 

^6 

“Significant  at  the  0.1  percent  level. 
^Significant  at  the  1  percent  level. 


Table  016 

Correlation  Analysis  of  Shots  Fired  at  Target  Appearances 
BY  Type  of  /Munition 


Angular 

F.xposure 

Target 

Target 

Target 

size 

time 

type 

concealment 

movement 

Ammunition 

(X3) 

(X4) 

(*6) 

Simple  CoiTelation  Coefficienta 

.30-cal  simplex 

0.086 

0.635 

-0.020 

-0.362 

0.264 

.30-cal  duplex 

0.101 

0.920 

0.031 

-0.371 

0.336 

.22-cal  duplex 

0.113 

0.764 

0.03.3 

-0.291 

0.248 

., 30-cal  triplex 

0.044 

0.873 

0.007 

-0.371 

0.253 

Partial  Correlation  Coefficients 

,30“cal  aimplex 

0.311 

0.808 

-0.264 

-0.059 

0.286 

, 30-cal  duplex 

0.508 

0.921 

-0  206 

0.083 

0.370 

,22-cnl  duplex 

0.288 

0.738 

-0.147 

0.000 

0.2,39 

.30-cal  triplex 

0.259 

0.847 

-0.210 

-0.103 

0.267 

Ammunilion 

Regression  equations  (predict 

ion  equations 

for  number  of  shots  fired) 

.30-cal  simplex 

9.312  + 

0.234'*X2  +  3.678" 

X3  -  6.345*'i 

4  +  0.037x3 

+ 

10.770"xg 

.30-cal  duplex 

-3.871  + 

0.2.56"x2  4.140" 

X3  -  2.962X4 

+  0.0.33x5 

+ 

8.965  "X5 

.22-cal  duplex 

6.696  + 

0.246"x2  +  3.161" 

X3  -  3.959x4 

-1^  0.000x5 

+ 

9.959'’x5 

.30-cal  triplex 

9.772  + 

0.174*’x2  +  3.796" 

'X3  -  4.4%x^ 

-  0.057x5 

9.007'’Xg 

“Significnnt  at  the  I  percent  level. 
^Signifiennt  at  the  .S  percent  level. 
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Table  D17 

Correlation  Analysis  of  rtTS  Obtained  on  Target  Faces 
BY  Type  of  Ammunition 

(Ricochets  excluded) 


AmmunltioD 

m  4 

OllOtiS 

fired 

Ul) 

Target 

size 

(*2> 

Exposure 

time 

(*3) 

T  arget 

type 

(Y4) 

Target 

concealment 

(*5) 

Target 

movement 

(ifi) 

Simple 

Correlation  Coefficients 

.SO-cal  simplex 

0.766 

0.418 

0.522 

-0.054 

- 

■0.182 

0.077 

.30~cal  duplex 

0.633 

0.500 

0.459 

-0.064 

- 

■0.137 

0.223 

duplex 

0  7?n 

0  492 

0  480 

0.063 

- 

■0.086 

0.292 

.30-cal  triplex 

0.660 

0.516 

0.452 

-0.095 

- 

■0.180 

0.145 

Partial 

CorrelalioD  Coefficients 

.SO-cal  simplex 

0.716 

0.537 

-0.169 

0.005 

0.283 

-0.346 

.30-cal  duplex 

0.399 

0.490 

-0.118 

-0.197 

0.136 

0.005 

.22-cal  duplex 

0.597 

0.611 

0.069 

-0.107 

0.186 

0.150 

.30-cal  triplex 

0.583 

0.642 

-0.164 

-0.215 

0.153 

-0.041 

Ammunition 

Regression  equations 

.30-cal  simplex  - 

-  11.680  -I 

0.417“xj  + 

0.195®!2  - 

0.317!3  + 

0.045!4 

■I  0.075*^, 

5  -  5.642'»!5 

.30-cal  duplex  - 

-  9.842  + 

0.700®!  j  + 

0.456®!2  - 

0.858!3  - 

4.645!^ 

+  0.087!5 

-  0.206!^ 

.22-cal  duplex  - 

-  15.677  -I 

0.486®!  j  + 

0.431®!2  + 

0.192!3  - 

1.897!4 

+  0.087!5 

■I  4. 14445 

..30-cal  triplex  - 

-  11.804  + 

0.690®!  j  * 

0.540®!2  - 

0.718x3  - 

4.538r4 

+  0.08215 

-  1.324X6 

°Significaot  at  the  1  percent  level, 
^ignificeuit  at  the  5  percent  level. 
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Table  DIS 

Correlation  Anai.ysis  of  Casualties  Obtained  on  Target  Faces 
BY  Type  of  Ammunition 


Arnnmnition 

Shots 

fired 

(JCj) 

Target 
si  ze 
(Xj) 

Exposure 

time 

(Xj) 

Target  Target 

type  concealment 

(X4)  (X5) 

Target 

movement 

(Xg) 

Simp] 

le  Correlation  Coefficients 

.30-cal  simplex 

0.766 

0.420 

0.520 

-0.056  -0.181 

0.077 

.30-caI  duplex 

0.714 

0.497 

0.535 

-0.107  -0.189 

0.164 

.22"Cai  duplex 

0.716 

0.357 

0.494 

0.133  -  0.006 

0.255 

.30-cal  triplex 

0.690 

0.487 

0.487 

-0.078  -0.160 

0.197 

Partial  Correlation 

Coefficients 

.SO-cal  simplex 

0.717 

0.541 

-0.169 

0.001  0.286 

-0.347 

.30-cal  duplex 

0.544 

0.539 

-0.186 

-0.242  0.193 

-0.174 

.22-cal  duplex 

0.560 

0.412 

0.092 

0.051  0.,304 

-0.030 

.30-cal  triplex 

0.593 

0.628 

-0.143 

-0.228  0.188 

0.026 

■•Vmmunition 

llegression  equations 

.30-cal  simplex  - 

■  8.178  + 

0.292‘*x, 

4  0.137®X2  - 

0.221x3  -4  O.OOfa^  4  0.053"i5 

-  3.947"x5 

.30-cal  duplex 

•  6.030  4 

0.460®!, 

4  0.224®X2  - 

0.590!3  -  2.485'’x4  4  0.054x5 

-  2.973x5 

,22-081  duplex 

-  18.650  4 

0..354®!, 

4  0.203®!2 

0.209!3  4  0.725X4  4  0.117®!5 

-  0.662Xg 

.30'cal  triplex 

-  6.,530  4 

0.343®!, 

4  0.252"!2  - 

0.302X3  -  2.337X4  4  0.049!5 

4  0.410Xg 

^Significant  at  the  1  percent  level. 
^’Significant  at  the  S  percent  level. 
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INTRODUCTION 

Instrumentation  requirements  for  SALVO  II  were  almost  identical  with 
those  of  its  predecessor,  SALVO  I.  However,  some  modifications  were  made 
that  resulted  in  improvement  in  reliability  of  data  obtained.  Detailed  descrip¬ 
tions  of  the  design  and  function  of  all  SALVO  I  instrumentation  are  presented 
in  App  D  of  ORO-T-378.‘  This  appendix  deals  with  the  modifications  introduced 
for  SALVO  n. 

In  addition  to  refinements  in  electronic  instrumentation,  several  additions 
greatly  enhanced  the  efficiency  of  field  operation.  One  of  these  was  a  modified 
30-ft  commercial  transport  trailer  that  furnished  centralized  housing  for  all 
control  and  recording  equipment  (see  Figs.  3  and  El).  In  addition  it  provided 
electrical  and  mechanical  maintenance  areas  and  served  as  a  cargo  carrier 
for  all  field  devices.  Use  of  this  vehicle  made  it  possible  to  fabricate,  install, 
and  test  all  the  control  and  recording  equipment  before  leaving  the  ORO  Elec¬ 
tronics  Laboratory,  thus  minimizing  assembly  and  test  time  during  field  in¬ 
stallation.  Experience  gained  on  SALVO  I  indicated  the  desirability  of  obtain¬ 
ing  wherever  possible  similar  data  from  alternative  sources  to  minimize  the 
possibility  of  losing  information  from  failure  of  some  part  of  the  instrumentation 
complex.  A  lapsed-time  camera,  operating  on  the  same  time  base  as  the  target 
system  and  receiving  its  operating  pulse  from  the  sequence  controller,  was 
mounted  behind  the  firing  line  and  took  one  picture  per  second  of  all  action  during 
each  run.  This  provided  an  empirical  check  on  weapon  malfunction  and  the 
appearance  and  duration  of  exposure  of  all  targets.  In  anticipation  of  the  elec¬ 
tronic  recording  difficulties  resulting  from  partial  target  penetration  by  the 
32-flechette  ammunition,  16-mm  motion -picture  cameras  were  installed  at 
each  target  position  to  photograph  the  target  during  its  e:q>osure  to  fire. 


SYSTEM  BLOCK  DIAGRAM 


A  functional  block  diagram  of  the  control  and  data- re  cording  system  of 
SALVO  II  is  shown  in  Fig.  E2.  The  diagram  shows  the  system  separated  into 
three  areas;  control  center,  firing  line,  and  field  area.  The  control  fimctions 
were  performed  by  the  timer,  the  sequence  controller,  and  its  associated  slave 
relays.  The  field  and  firing-line  instrumentation  consisted  of  target  devices, 
demolitions,  and  shocking  devices.  The  electronic  recording  system  consisted 
of  the  recording  targets,  rifle  switches,  and  Esterline-Angus  event  recorder. 

A  supplemental  record  of  all  events  was  obtained  from  the  lapsed-time  camera 
already  described. 

The  alternating-current  source  for  the  system,  not  shown  on  the  block 
diagram,  was  obtained  from  two  separate  5-fcw  generators  that  supplied  power 
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Fig.  El— Control  and  Recording  Equipment  in  Forword  End  of  Instrumentation  Van 
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to  the  recording  instrumentation  and  control  elements.  These  were  furnished 
by  the  Army. 


TIMER 

Basically  the  SALVO  II  timer  was  similar  to  the  unit  used  in  SALVO  I. 

As  in  SALVO  I  four  basic  timing  pulses  were  required,  however,  the  pulse 
rate  was  changed  from  one  pulse  per  1.5  sec  to  one  pulse  per  second.  Action 
for  each  run  was  divided  into  300  1-sec  intervals,  each  event  taking  place  at 
a  programed  time.  An  innovation  in  the  SALVO  II  test  was  the  use  of  program- 
sequence  punched  paper  tapes,  eliminating  the  task  of  manually  replugging  in¬ 
dividual  events  on  the  board. 


SEQUENCE  CONTROLLER 

A  considerable  improvement  in  ease  of  program  operation  and  niaintenance 
was  achieved  by  the  substitution  of  a  sequence  controller  for  the  programer 
used  in  SALVO  I.  The  function  of  the  new  unit  was  identical  to  that  of  the  pro¬ 
gramer;  it  provided  reproducible  control  of  the  events  occurring  in  the  target 
complex,  including  target  appearance,  simulated  artillery  or  rifle  fire,  and 
simulated  “hits”  on  firing  personnel.  Operation  of  the  sequence  controller  can 
best  be  described  by  separating  it  into  four  essential  blocks;  (a)  tape  trans¬ 
mitter,  (b)  stepping  switches,  (c)  patch  board,  and  (d)  slave  relays. 

Tape  Transmitter.  Each  of  the  five  types  of  events  in  the  program  was 
represented  on  a  single  channel  of  a  five -channel  paper  tape.  The  sequence 
and  duration  of  the  events  were  determined  by  the  location  of  holes  in  the  tape. 
The  tape  transmitter  (Western  Electric  Model  lA)  received  one  T-1  pulse  per 
second  from  the  timer,  advancing  the  tape  one  position  per  pulse.  If  a  hole 
was  sensed  in  one  or  more  channels  of  the  tape,  contacts  were  closed  and  the 
corresponding  stepping  switches  were  activated.  Spacing  of  holes  in  the  tape 
determined  the  time  between  events.  The  rate  of  the  T-1  pulses  determined  the 
shortest  interval  (1  sec);  the  maximum  interval  was  essentially  unlimited. 

Stepping  Switches.  Each  type  of  event  was  represented  by  one  of  five 
stepping  switches.  Each  stepping  switch  had  25  positions,  limiting  the  number 
of  actions  per  event  to  a  maximum  of  25.  The  action  of  a  stepping  switch  was 
as  follows.  For  each  hole  in  the  paper  tape,  the  stepping  switch  advanced  one 
position.  For  example,  stepping  switch  1,  which  represented  “target  appear¬ 
ances,”  had  position  1  for  target  appearance  1,  position  2  for  target  appear¬ 
ance  2,  etc.  The  sequence  of  events  would  always  be  1,  2,  3,  etc.,  unless  a 
change  in  programing  was  performed.  This  was  accomplished  in  the  patch¬ 
board  svstem  discussed  below. 

An  automatic  homing  circuit  was  incorporated  into  the  stepping-switch 
circuit  so  that  the  switches  could  be  returned  to  a  home  or  starting  position. 
Increased  reliability  was  obtained  by  installing  a  special  interrupter-spring 
circuit  in  the  stepping  switch.  This  special  circuit  ensured  that  the  switch 
would  advance  before  advancing  power  was  removed.  All  stepping  switches 
would  be  operated  manually  in  case  of  failure.  Indicator  lamps  provided  the 
operator  with  a  visual  check  on  the  operation  of  the  whole  system. 
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Patch  Boa/d.  As  indicated  above, the  order  of  events  was  fixed  by  the 
stepping  switches.  The  fixed  stepping- switch  sequence  was  fed  to  a  patch¬ 
board  system  that  provided  a  means  for  programing  the  switch  sequence  to 
include  the  desired  order  of  events.  By  use  of  the  patch  board,  output  position 
1  of  stepping  switch  1  could  be  jumped  to  activate  any  target  position  from  1  to 
25.  The  second  and  succeeding  target  appearances  could  similarly  be  any  de¬ 
sired  target  of  the  entire  system.  Although  tlie  patch  board  is  described  in 
terms  of  a  “target-appearance*  event,  identical  flexibility  of  action  could  take 
place  for  any  of  the  five  types  of  actions  in  the  field  installation. 

Slave  Relays.  For  most  events  activating  power  could  be  controlled 
directly  through  the  stepping-switch  contacts.  However,  for  the  tar  get -appear¬ 
ance  events  it  was  necessary  tri  nsp  .«!lave  relays  with  higher  power -hand  ling 
capability.  In  these  cases  the  stepping  switch  energized  the  slave  relays, 
which  in  turn  controlled  the  direct  power  to  the  target  devices.  Manual  relay- 
operated  switches  were  provided  for  testing  purposes  or  in  the  event  of  failure 
in  the  stepping  switch  or  patch  board. 

The  sequence  controller  proved  to  be  very  reliable  ani  relatively  easy 
to  maintain.  Program  tapes  and  patch  boards  were  punched  and  wired  prior 
to  the  test.  A  program  change  required  only  seconds  and  was  accomplished  by 
inserting  a  new  tape  and  a  new  patch  board. 

HIT  RECORDING 

Although  the  SALVO  II  requirements  for  recording  hits  were  identical, 
the  experience  in  SALVO  I  indicated  that  improved  reliability  would  be  desirable 

The  basic  scheme  for  developing  the  hit-recording  pulse  was  unchanged; 
a  switch  action  was  produced  by  the  bullet  shorting  across  two  layers  of  con¬ 
ductive  material.  However,  to  achieve  increased  reliability  and  target  life  a 
different  target  construction  was  used.  The  new  target,  manufactured  by  the 
Reflectone  Corp.,  consisted  of  two  thin  sheets  of  aluminum  separated  by  a 
layer  of  insulating  plastic  and  could  function  satisfactorily  after  receiving 
more  than  800  hits. 

A  ricochet  broaching  the  target  in  a  broadside  manner  would  generally 
lose  contact  with  the  first  aluminum  sheet  before  piercing  the  rubber  insulat¬ 
ing  layer  and  the  second  aluminum  sheet.  Thus  no  short  would  result  and  the 
hit  would  not  be  electrically  recorded.  (See  Fig.  E3.) 

Hits  on  the  targets,  trigger  pulls  of  the  test  weapons,  and  the  1-sec  time 
base  established  by  a  marine  chronometer  and  indicated  by  the  timer  were 
registered  on  a  20-pen  Esterline-Angus  event  recorder.  The  problem  of  iden¬ 
tifying  individual  hits  from  10  weapons  firing  multiple -projectile  ammunition 
had  proved  difficult  in  SALVO  I.  One  of  the  greatest  problems  was  the  pres¬ 
ence  in  the  system  of  electronic  “noise,”  indicated  by  spurious  signals  on  the 
recording  tape  that  tended  to  mask  the  registration  of  hits.  Intensive  effort 
by  the  ORO  Electronics  Laboratory  was  directed  toward  this  problem,  and  an 
improved  system,  capable  of  resolving  hits  at  intervals  of  50  msec  was  de¬ 
veloped.  A  complete  discussion  of  the  improved  ORO  hit-recording  system 
and  a  reliability  test  conducted  at  the  Olin-Mathieson  Co.,  is  presented  in 
ORO-SP-62.®  As  stated  in  the  body  of  this  memorandum,  preliminary  examina¬ 
tion  of  the  test  data  indicates  that  the  reliability  of  hit  recording  was  very  high. 
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MOVING  TARGETS 


Basically  the  moving-target  carriage  employed  in  SALVO  11  was  identical 
to  the  one  used  in  SALVO  I,  but  several  modifications  were  required  to  (a)  im¬ 
prove  reliability,  (b)  obtain  more  constant  speed,  (c)  make  the  target-appearano.e 
time  independent  of  target  speed,  and  (d)  provide  easier  access  to  parts  and 
thereby  reduce  maintenance  time. 

Improved  reliability  was  accomplished  by  using  higher-quality  components 
and  by  redesigning  the  control  circuitry  and  the  construction  to  facilitate  the 
replacement  of  parts  and  subunits. 


Ricochet 


^  Entrance 


Fig.  E3— Plon  ond  Side  View  of  Ricochet  Hit 


Two  major  modifications  were  made  in  the  moving  carriage.  First  the 
governor  action  was  changed  so  that  it  actually  detected  the  speed  of  the  car¬ 
riage  rather  than  the  speed  of  the  drive  motor.  This  change  resulted  in  a 
more  constant  and  uniform  target  speed.  The  second  modification  was  in  con¬ 
trol  circuitry,  elimina’ing  the  dependency  of  target-exposure  time  on  speed  of 
the  target  carriage.  In  the  SALVO  I  test  the  target  was  stopped  by  a  trip  switch 
located  near  the  end  of  the  track;  in  the  redesigned  unit  used  in  SALVO  II  it  was 
stopped  by  a  pulse  from  the  programei'.  The  trip  switch  was  replaced  with  an 
added  relay  and  a  reverse  microswitch.  The  driving  motor  was  first  thrown 
into  reverse  by  energizing  this  added  relay.  Reversal  of  the  driving  motor 
then  operated  the  reverse  microswitch,  disconnecting  the  driving  power  from 
the  carriage.  This  change  made  it  possible  to  stop  the  target  after  a  fixed 
period  of  exposure. 
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TARGET-POSITION  CAMER/VS 

A  16-mm  aircraft  gun  camera  (Model  AN-N6)  was  mounted  close  to  the 
ground  on  a  2-  by  4-in.  stake  15  ft  in  front  of  each  stationary  target  position. 
Modified  automobile  trailer  couplings  attached  to  the  stakes  provided  sturdy 
mounts  for  the  cameras,  which  were  protected  from  ricochets  by  steel  cases 
and  hinged  to  allow  easy  access  for  loading  or  adjustment.  Cameras  for  the 
moving  targets  were  mounted  on  6-ft  booms  attached  to  the  target  carriages. 

The  standard  35-mm-focal-length  leuses  supplied  with  the  cameras  were 
used  to  photograph  the  stationary  targets.  Cameras  for  the  moving  targets 
were  equipped  with  17-mm-focal-length  lenses  to  reduce  the  length  of  camera 
boom  required. 

Self-contained  electric  motors,  powered  by  dry-battery  packs  at  each 
position,  drove  the  cameras.  Control  for  each  unit  was  accomplished  by  a 
relay  activated  by  the  power  pulses  transmitted  to  raise  the  associated  target. 
These  “target-up”  pulses  continued  for  the  duration  of  target  exposure,  and  the 
camera  relay,  repeatedly  activated,  maintained  camera  power.  When  the  pulses 
were  discontinued,  the  cameras,  which  had  an  overrun  circuit,  continued  to  run 
at  normal  speed  for  a  short  period  of  time,  identifying  each  frame  of  the  over¬ 
run  section  of  film  by  a  small  mark  in  one  corner.  Power  pulses  were  delivered 
in  groups  of  three  at  evenly  spaced  intervals,  making  it  possible  to  determine 
accurately  the  time  of  each  frame  of  film. 

The  low  temperatures  prevalent  during  the  experiment  prevented  wholly 
satisfactory  performance  of  these  cameras.  Much  power  was  lost  in  the  dry- 
battery  packs  even  though  fresh  batteries  were  substituted  in  many  of  the  runs. 
In  some  instances  the  target  was  not  filmed  being  erected  or  dropping,  and 
those  time  references  were  lost.  Other  malfunctions  resulted  in  underexposure 
or  in  only  part  of  the  target  faces  being  photographed. 

SIMULATED  RIFLE  AND  ARTILLERY  FIRE 


Blasting  caps,  electrically  detonated  by  pulses  from  the  sequence  con¬ 
troller,  simulated  disclosing  fire  from  11  of  the  22  targets.  Additional  enemy 
rifle  fire  and  artillery  bursts  were  simulated  by  the  programed  firing  of  5  or 
more  caps  and  15  y4-lb  blocks  of  TNT  in  shallow  pits  throughout  the  target 
area.  Close  bursts  of  enemy  fire  were  represented  by  caps  exploded  in  nine 
18-in.  lengths  of  2-in.  steel  pipe  imbedded  on  the  forward  side  of  the  firing- 
line  parapet  between  the  gunners’  positions. 

SIMUI^TED  HITS  ON  TEST  PERSONNEL 

As  in  SALVO  I,  5  of  the  10  firmg  troops  in  each  rim  received  a  “wound” 
represented  by  a  programed  electric  shock  delivered  through  an  electrode 
attached  to  the  calf  of  one  leg.  The  shocking  devices  were  essentially  similar 
to  those  used  in  SALVO  I,  modified  for  increased  safety  to  use  smaller  battery 
units  and  equipped  with  resistors  of  higher  ohmic  value. 


ORO-T-397 


121 


CONFIDENTIAL 


TARGET  ACTIVATION 


Target-up  and  target-down  pulses  were  initiated  on  signal  from  the  se¬ 
quence  controller.  When  the  target  was  about  50  percent  erect  a  microswitch 
was  closed,  thus  completing  the  hit-recording  circuit.  Similarly,  when  the 
target  had  traveled  about  45  deg  of  an  arc  while  dropping,  the  hit-recording 
circuit  was  cut  off.  Each  cycle,  raising  and  dropping,  required  about  0.5  to 
0.7  sec  after  acceptance  of  the  signal.  An  examination  of  the  data  tapes  showed 
that  hits  were  recorded  up  to  0.5  sec  after  activation  by  the  down  pulse. 
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